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SOLUTIONS OF METALS IN NON-METALLIC SOLVENTS; 
SOME OF THEIR PHYSICAL AND 
CHEMICAL PROPERTIES.* 


BY 


CHARLES A. KRAUS, Ph.D., 


Professor of Chemistry, Brown University. 


I. INTRODUCTION. 


The Metallic State of Matter —Of the 90 known elements, 
72 are metals in the free or elementary condition, 4 more 
commonly exist in either metallic or non-metallic allotropic 
states, 6 are inert non-metallic elements, and only 8 are 
chemically active, non-metallic elements. It is also true that 
practically all compounds of metallic elements with one 
another are metallic, that many compounds of metallic with 
non-metallic elements are metallic, and that there are certain 
compounds containing only non-metallic elements that exhibit 
metallic properties.' These synthetic metals, so to speak, 
are not generally stable, yet they are of special significance in 
that they show that the property of metallicity is not neces- 
sarily an atomic phenomenon. 

While metallic substances, both elementary and com- 
pound, are extremely numerous and are of the greatest im- 
portance, both from the practical and the scientific point of 


* Presented at a meeting held Thursday, January 15, 1931. 
*~ 1 Kraus, J. Am. Chem. Soc., 35, 1732 (1913). 
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view, it is a surprising fact that chemistry deals chiefly with 
non-metallic substances. This is well illustrated by the 
space allotted to metallic and non-metallic substances in the 
handbooks of chemistry. It is evident that our knowledge of 
metallic substances is far less extensive than is that of non- 
metallic substances. 

Our lack of knowledge of the metals is chiefly due to the 
fact that matter in the metallic condition lends itself to study 
much less readily than does matter in the non-metallic state. 
The metals are in general high melting and high boiling sub- 
stances that are not readily manipulated at ordinary tempera- 
tures. At the same time, while metals are often readily 
soluble in other metals, they are not usually soluble in non- 
metallic solvents. Finally, their high reflecting power renders 
accurate visual observations difficult. 

The metals are excellent conductors of electricity but, 
when a current passes through them, there is no appreciable 
material change. In electrolytes, on the other hand, a trans- 
fer of matter accompanies the current and this enables us to 
gain some knowledge of their constitution. The study of 
electrical phenomena in metals gives us but little diiect infor- 
mation as to their constitution. 

We can often gain a knowledge of the constitution of non- 
metallic substances by a study of their chemical reactions, for 
example, we can measure their reaction rates. In the case of 
metals this is not ordinarily possible except when reaction 
takes place at the interface between a metal and a non-metal. 
We see, then, that the metallic state of matter is one that 
presents many difficulties from the experimental point of view. 
As a consequence, our knowledge of the metallic state is very 
incomplete. Certain theories have been suggested from time 
to time but none of them has been successful in accounting for 
the large body of facts relating to the metallic state. Even 
with the aid of the modern atomic theory, advances in our 
understanding of metallic phenomena have been slow. 

It is evident to the most casual observer that all metals 
are very much alike in their external appearances. All reflect 
light metallically and all are rather good conductors of the 
electric current and of heat. The electromagnetic theory of 
Maxwell supplies a formal relationship between the electrical 
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and optical properties of metals, but it tells us nothing about 
their ultimate constitution. 

Electron Theory of Metals —Some thirty years ago, Riecke, 
Drude, and H. A. Lorentz elaborated a theory of the metallic 
state which was founded on the assumption that the conduc- 
tion of electricity and heat in metals is effected by electrons 
which are common to all metals and which move about freely 
in a metal, much as do the molecules in a gas. This theory 
served to account for the influence of temperature upon elec- 
trical and thermal conductance and for the law of Wiedermann 
and Franz, but it led to certain other results that were clearly 
at variance with observed facts. More recently, Sommerfeld,? 
applying the Fermi statistics to electrons in metals, has con- 
structed a theory that accounts for many of the properties of 
metals without the inconsistencies of the earlier theory. At 
the present time, the view is generally accepted that the 
characteristic properties of metals are due to the presence of 
electrons which are free to move within the body of the metal, 
although subject to certain restrictions in conformity with the 
statistics postulated. 

Such knowledge as we have of electrons in metals is largely 
based on the study of their physical properties and is arrived 
at as a result of deduction. Observations that apply more 
immediately to the electrons themselves are largely lacking. 
Yet, if electrons exist in metals, we should expect to find 
phenomena, chemical as well as physical, whose interpreta- 
tion would follow readily as a consequence of this postulate. 
Heretofore, chemical phenomena of this kind have been almost 
wholly wanting. 


Il. SOLUTIONS OF METALS IN NON-METALLIC SOLVENTS. 
A. Physical Properties. 


Metallic Properties as a Function of Concentration.—Let 
us now discuss some phenomena of physical-chemical and 
chemical nature that have a bearing on the problem of the 
metallic state. Let me put a question: If we had a non- 
metallic solvent that were capable of dissolving a metallic 


* Sommerfeld, Zeits. f. Physik, 47, 1 (1928); Sommerfeld and Frank, Reviews 
of Modern Physics, 3, 1 (1931); see also Darrow, Reviews of Modern Physics, 1, 
90 (1929). 
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element, such as sodium, for example, what would be 
the properties of the resulting solution? Before attempting 
to answer this question, I should point out that the property 
of metallicity is not inherent in the atoms themselves, but, 
rather, depends upon their state or condition. Thus, carbon 
in the state of graphite is a metal while in the state of diamond 
it is anon-metal. Again, mercury in the solid or liquid state 
is a metal while, in the gaseous state, it is as much a non- 
metal ds is argon or nitrogen. Moreover, certain combina- 
tions of carbon, nitrogen, and hydrogen possess metallic 
properties, although none of the constituent atoms has metal- 
lic properties." 

Returning to our question, we might expect that if the 
concentration of metal in a non-metallic solvent were high, it 
would exhibit metallic properties; modified, perhaps, owing to 
the solvent, but still exhibiting optical and electrical proper- 
ties such as are associated with metals. But what might 
we expect to happen if the concentration of metal were greatly 
reduced, say to cne gram atom in a thousand liters of solvent? 
Would the metallic properties persist substantially without 
change, except as to magnitude, or would these properties 
disappear in whole or in part? The theory of the metallic 
state in its present form does not afford a sure answer to these 
simple questions; their answer must be sought in experiment. 

Solutions of Alkali Metals in Liquid Ammonia.—Although, 
as I have already mentioned, solutions of metals in non- 
metallic solvents are extremely rare, such solutions neverthe- 
less exist. Liquid ammonia and certain of its organic deriva- 
tives, the lower, primary, aliphatic amines, dissolve the alkali 
metals and the metals of the alkaline earths.* The solubility 
of these metals in liquid ammonia is much higher than it is in 
the amines, for which reason the phenomena peculiar to these 
solutions are best studied in ammonia. The alkali metals 
are exceedingly soluble in liquid ammonia; one atom of lithium 
(7 grams) is soluble in 3.6 mols (61 grams) of ammonia. 

The solutions of the metals in liquid ammonia have a 
characteristic blue color by transmitted light when dilute, and 
this color is the same for all metals. The concentrated solu- 
tions exhibited metallic reflection, somewhat of a copper 


3 Kraus, J. Amer. Chem. Soc., 29, 1557 (1907). 
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color. The solutions of the metals are ‘‘true solutions” and 
not colloidal solutions as some have suggested. They closely 
resemble solutions of ordinary salts of the same metals. 
Molecular Weight.—The molecular weight, or more cor- 
rectly, the apparent molecular weight of sodium dissolved in 
liquid ammonia has been determined.‘ Such molecular 
weight determinations cannot be interpreted unambiguously, 
but we may say that the apparent molecular weight of sodium 
decreases with decreasing concentration and approaches a 
value less than its atomic weight. As is evident from Fig. 1, 


FIG. I. 
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Apparent molecular weight of sodium in liquid ammonia. 


the apparent molecular weight of sodium falls to a value less 
than 23, its atomic weight, at a concentration of 0.1 normal 
and the value is tending rapidly toward lower values at still 
lower concentrations. A comparison of the apparent molec- 


‘Kraus, J. Amer. Chem. Soc., 30, 1197 (1908). 
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ular weight of sodium with that of sodium salts, such as 
sodium bromide, for example, indicates a similar behavior 
in the case of these two substances at lower concentrations. 
According to present views, which seem well substantiated, 
such a solution of sodium bromide is largely, if not completely, 
dissociated into its ions, even at fairly high concentrations. 
This accounts for the fact that the apparent molecular weight 
of salts at lower concentrations is less that the formula weight. 
By analogy, then, the low value of the apparent molecular 
weight of sodium may be ascribed to an ionic dissociation of 
the sodium atoms. It becomes an interesting problem to 
determine the nature of the ions that result when an atom of 
a metallic element dissociates. 

Electrolysis of Metal Solutions.—As early as 1897, Cady 
showed that solutions of sodium in ammonia are excellent 
conductors of the electric current. He showed, too, that 
polarization effects appear to be absent in these solutions. 
This fact suggests that these solutions may conduct metalli- 
cally. 

If an atom of sodium (or potassium) is dissociated into 
ions in liquid ammonia solution, then, under the action of a 
potential, these ions must move, the moving ions constituting 
a current of electricity. At the electrodes, which are gener- 
ally impermeable to ions, accumulation of the products of 
electrolysis should occur. In this connection, it may be 
pointed out that the color of the metal solutions serves as a 
very delicate indicator of concentration change. 

If a cell is set up as shown in Fig. 2 and a current of 
electricity is sent through a dilute solution of potassium in 
ammonia, between the anode A and the cathode C, we find that 
there is an immediate and marked concentration of color in 
the neighborhood of the cathode surface, indicating an in- 
creased concentration of metal in that region. In the im- 
mediate neighborhood of the anode surface A, the solution 
becomes colorless, the colorless layer having a thickness of the 
order of 0.1 mm. or less. If the process of electrolysis is 
continued for some time, the color is completely transferred 


5 Cady, J. Phys. Chem., 1, 707 (1897). 
* Kraus, J. Amer. Chem. Soc., 30, 1323 (1908). 
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from the anode to the cathode compartment. The current, of 
course, diminishes during this process owing to depletion of 
the solution of ions in the anode compartment. If the direc- 
tion of the current is reversed, the direction of color change is 
also reversed. Since the density of color increases only with 


FIG. 2. 
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Cell used in electrolysis of metals in liquid ammonia. 


increasing concentration of free metal, this experiment shows 
that the process of conduction in these solutions is an ionic 
one and that the potassium atoms (or ions) are transferred in 
the direction of the positive current. They must, therefore, 
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be positively charged. We might say, then, that the metal is 
carried in the direction of the positive current. This, how- 
ever, is not strictly true, as a second experiment will show. 
This experiment, too, will make clear what a metal really is. 

Transfer of Electrons.—Let us suppose that we have a 
long tube, as shown in Fig. 3, provided with electrodes A and 


FIG. 3. 
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Illustrating the transfer of metal by the electric current. 


C, and let us introduce at M, near the middle of the tube, a 
few centimeters (length) of a solution of potassium in am- 
monia. This solution is represented by the crosshatched area 
of the figure at M. To either side of the potassium solution, 
and filling the tube up to the electrodes, let us introduce a 
solution of potassium amide in liquid ammonia. Potassium 
amide, KNHbe, is an electrolyte that resembles potassium 
hydroxide and is related to ammonia in the same way that 
potassium hydroxide is to water. Potassium amide is dis- 
sociated in liquid ammonia solution into positive ions K* 
(potassium ions) and negative ions, NH,~ (amide ions), 
according to the 1eaction equation: 


KNH, = Kt + NH2-. 


Now let us apply a potential to the electrodes such that 
the positive current flows from A to C, as indicated by the 
arrow. I should state, here, that the potassium solution is 
colored blue while the potassium amide solution is transparent 
and practically colorless. By observing the motion of the 
colored solution we can easily determine whether the free 
metal is carried in the direction of the positive current or in 
the reverse direction. 

In the preceding experiment, we saw that the metal was 
carried from the anode to the cathode compartment, that is, 
in the direction of the positive current. We might expect, 
therefore, that the blue solution in the second experiment 
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would similarly be carried in the direction of the positive 
current, that is from M to M,;. Actually, however, we find 
that the metal is carried in the opposite direction, the blue 
color travels in the direction of the negative current.’ After 
a time it is tound at M; as shown in Fig. 3. Now, how are we 
to account for the apparently contradictory results of these 
two experiments? 

The Metallic Constituent of Metals.—In experiment 1, the 
concentration of free metal increased around the electrode 
toward which the positive current flowed (the cathode), while 
in experiment 2, the free metal unquestionably traveled in the 
direction in which the negative current flowed, that is, toward 
the anode. The explanation is simple. The positive consti- 
tuent of a metal has no metallic properties, the negative consti- 
tuent, only, imparts to a metal those properties that we call 
metallic. Both experiments I and 2 show conclusively that 
in solutions of metals (at least in dilute solutions) the current 
is carried by oppositely charged ions, one of which is the posi- 
tive ion of the metal while the other is a negative ion which is 
the same for all metals. It has been shown that the positive 
ion of a metal in solution is idential with the positive ion of a 
salt of the same metal. The negative ion is the electron, e~. 
When a metal, potassium, for example, dissolves in liquid 
ammonia, it goes into solution as the ions K* and e~ thus: 


K X NH; > Kt + e& (solution). 


The electron ion, e~, is the same for all metals in liquid am- 
monia solution. The same electron exists in the metals 
prior to solution and the metals owe their metallic properties 
to these electrons. The electron is the metallic constituent of 
all metals and it is to the electron that metals owe their 
metallic properties. 

Let us now interpret experiment 1. It appeared that in 
this experiment the metal was carried from electrode com- 
partment A to compartment C; and soit was. But the metal 
was not carried from A to C through the solution, it was only 
the non-metallic constituent, the K+ ion, that was so carried. 
The metallic constituent, e~, the electron, was carried from A 


7 Kraus, Ibid., 30, 1342 (1908). 
VOL, 212, NO, 1271—38 
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to C, not through the solution but through the external 
electrical circuit. Under the action of the applied potential, 
electrons pass into electrode A from the surrounding solution, 
then through the external metallic circuit and, finally, they 
re-enter the solution through the electrode C. In the external 
circuit, the current is carried entirely by electrons, in the 
solution, the current is carried in part by electrons, moving 
toward A, and in part by K* ions, moving toward C.. The 
cathode C is impervious to K* ions and these ions therefore 
accumulate at the surface, but, as they collect, an equivalent 
number of electrons enters the solution from C so as to main- 
tain electrical equivalence. 

The interpretation of experiment 2 now becomes clear. 
The positive ions, K*, of the metal solution at M move in the 
direction of the positive current They are preceded by the 
K* ions of the potassium amide solution to the left and are 
followed by the K* ion of the potassium amide solution to the 
right. There is nothing of a metallic nature involved in this 
process, it is a purely electrolytic one. But consider the 
electrons: The electrons e~, being negatively charged, move in 
the direction of the negative current, to the right. They are 
preceded by the negatively charged NH;7 ions on the right 
and are followed by the same ions on the left. Thus, as time 
goes on, the electrons, which constitute the metallic consti- 
tuent of metallic postassium, move further and further to the 
right. We see, then, that experiments I and 2 are in accord. 
The apparent contradiction between them was due to the fact 
that we wrongly attributed metallic properties to the posi- 
tive ion of potassium, whereas, it is the negative constituent, 
the electron, to which metallic properties are due. 

Relative Carrying Capacity of the Electrons and the Sodium 
Ion.—I have stated that in experiment 1 the current in the 
metal solution was carried in part by positive ions and in part 
by electrons, the two, of course, moving in opposite directions. 
If this is true, then it should be possible to determine the 
proportion of the total current carried by these two ions. 
Such determinations may be accomplished by means of 
transference measurements, in which the concentration 
changes, resulting at the electrodes on passage of the current, 
are determined by analysis. Such measurements can not well 
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be made in the case of the metal solutions in liquid ammonia. 
The transference numbers of the ions, that is, the fraction of 
the total current carried by them, can more readily be deter- 
mined by measuring the electromotive force of concentration 
cells with transference. Such cells comprise two solutions 
of different (known) concentrations, both of which are pro- 
vided with identical electrodes, permeable with respect to one 
of the ions and impermeable with respect to the other. The 
electromotive force of such a cell is given approximately by the 
Nernst equation: 
nRT Ci 
E FP log. C, 


When E is the electromotive force, R is the gas constant in 
joules, T is the absolute temperature, F is the electrochemical 
equivalent and C, and C; are the concentrations of the two 
solutions. The factor m is the transference number (fraction 
of total current carried by ion) of that ion with respect to 
which the electrodes are impermeable. In the case of sodium 
solutions, the electrodes are impermeable to the sodium ions 
and permeable to the electrons. It is a remarkable fact that 
practically any metal serves as reversible electrode in the 
metal solutions in liquid ammonia. 

The electromotive force of concentration cells of sodium 
in liquid ammonia has been measured at various concentra- 
tions and from these data has been calculated the fraction of 
the current, ”, carried by the positive ions at different concen- 
trations.® 

In Fig. 4 are plotted values of the ratio (1-m)/n of the 
carrying capacity of the negative ion (electron) to that of the 
positive ion (sodium), logarithms of the reciprocal of mean 
concentration of the solutions being plotted as abscissas. It 
will be noted that, as the concentration decreases, the value of 
(1-n)/m approaches a limiting value of approximately 7. 
That is, at low concentrations, the negative carriers, the elec- 
trons, have 7 times the carrying capacity of the positive ions, 
or, in other words, since the two ions have the same charge, 
the mean speed of the electrons is 7 times that of the sodium 
ions. 


® Kraus, J. Amer. Chem. Soc., 36, 864 (1914). 
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FIG. 4. 
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Showing how the ratio of the transference numbers of electrons and sodium ions varies with 
concentration. 


Upon these results, we can base an interesting calculation. 
The conductance due to the electrons is 7 times that due to the 
sodium ions. If we can determine the conductance of the 
sodium ions by other means, then we can calculate the con- 
ductance of a sodium solution. Now the conductance of the 
sodium ion, as derived from measurement of the conductance 
and the transference numbers of ordinary salts dissolved in 
liquid ammonia, is 130. Therefore, the conductance due to 
the electrons (in dilute solution) should be 7 X 130 = 910 and 
the total conductance of the sodium solution should be g10 + 
130 = 1040. As we shall see presently, this calculated value 
is in excellent agreement with the directly measured value. 
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I should call attention to one other characteristic of the 
curve representing the relation between the relative conduct- 
ing power of the two ions and the concentration. It will be 
noted that, as the concentration increases, the relative con- 
ducting power of the electrons increases, at first, slowly and 
then more and more rapidly. Ifthe positive ion is a sodium 
ion, we have reason for believing that its carrying capacity is 
substantially independent of concentration. Therefore, with 
increasing concentration, the mean speed of the electrons in- 
creases very greatly. Thus, at very low concentrations, the 
mean speed of the electrons is 7 times that of the sodium ions; 
at 0.1 normal, it is approximately 30 times and, at 1.0 normal 
300 times that of the sodium ions. In other words, at normal 
concentrations, the negative carrier has 50 times the carrying 
capacity that it has at very low concentrations. 

The low conducting power of electrons at low concentra- 
tions might be accounted for by assuming that they are to a 
large extent associated with ammonia molecules. As the 
concentrations of electrons increases, some of them become 
free and move as they do in metals, carrying no matter with 
them other than their own inappreciable mass. These, there- 
fore, would have a very high speed and it follows that the con- 
ductance of such solutions should be very great. We shall see 
that such is actually the case. It may be pointed out in 
passing that it can be shown that at higher concentrations a 
considerable fraction of the current is carried by electrons 
unassociated with ammonia molecules. 

The Conduction Process in Dilute Solutions.—In the light 
of these considerations, it becomes clear what happens when a 
current passes between a pair of electrodes in a dilute solution 
of potassium in ammonia, as in experiment 1. The positive 
ion moves away from the anode while the electrons move into 
the anode. The color, therefore, disappears from the solution 
right at the anode surface. Practically the whole applied po- 
tential falls on this ion-free layer. At the surface of the cath- 
ode, the potassium ions accumulate, being met by the counter- 
stream of electrons entering the solution from the cathode. 
The cathode process is not, however, a surface phenomenon. 
As the concentration of positive and negative ions increases 
the relative carrying capacity of the electrons increases, so 
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that relatively more and more of the current is carried by the 
electrons as we approach the cathode surface. Some of the 
positive ions, therefore, never reach the cathode surface at all. 
If the solution at the cathode becomes very concentrated, 
practically none of the positive carriers actually moves up to 
the cathode. The conduction process is then metallic near 
the cathode surface. 

We have now answered one of the questions that we asked 
at the beginning, namely: what would be the properties of a 
solution ot a metal in a non-metallic solvent. Such a solution 
is not actually a metal, for, in such a solution, a portion of the 
current is carried by the positive ions and, to that extent, the 
process is an electrolytic one. On the other hand, the greater 
proportion of the current is carried by electrons and in that 
respect the system is metallic. But in dilute solution, this 
process is qualified owing to the fact that the electrons are 
slowed down by the solvent molecules and the latter are per- 
haps carried along by the electrons. The electronic process 
at the electrodes is, however, a purely metallic one, for the 
electrons pass into and out of the electrodes without hindrance. 

The Electrical Conductivity of Dilute Metal Solutions—We 
can gain some further support for our conclusions from an 
investigation of the conductance of metal solutions at various 
concentrations. The conductance is readily measured by 
conventional methods. What we are actually interested in is 
the equivalent, or atomic conductance, which is the specific 
conductance divided by the concentration (in gram atoms per 
cubic centimeter). This (the atomic conductance) enables 
us to compare the conducting power of a given quantity of 
metal at different concentrations or under otherwise variable 
conditions. 

In Fig. 5 is shown the atomic conductance of sodium as a 
function of concentration.’ It will be noted that, beginning 
at 1/20 normal, the conductance increases as the concentra- 
tion decreases and that it approaches a limiting value of ap- 
proximately 1016 at very low concentrations. This value is 
in good agreement with the value 1040, as calculated from 
transference measurements. 


* Kraus, J. Amer. Chem. Soc., 43, 749 (1921). 
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Illustrating the variation of conductance with concentration for dilute solutions of sodium in 
liquid ammonia. 


It is interesting to examine the conductance curves of 
metals other than sodium. Such curves are shown for lithium 
(C) and potassium (A), as well as for sodium (B), in Fig. 6. 
It will be noted that the curves are similar and that the curve 
for sodium lies intermediate between those for lithium and 
potassium. This is what we should expect if the negative 
carrier were the same for the three metals, in which case the 
difference in conductance for these metals would be due to the 
difference in the conducting power of lithium, sodium and 
potassium ions. For these ions the conductance (at low con- 
centration) is respectively: 112, 130 and 168, which corres- 
ponds approximately, at least, with the relative position of the 
three curves in Fig. 6. 

The Conductivity of Concentrated Metal Solutions —The 
conductance curve at higher concentrations presents several 
points of interest. It will be noted (Fig. 5) that, at 1/20 nor- 
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mal, the conductance has a minimum value which is somewhat 
less than one half the conductance at very low concentrations. 
At higher concentrations, the conductance increases, the more 
rapidly, the higher the concentration, as is evident from Fig. 7. 
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At normal concentration, the conductance of sodium is, in 
round numbers, 3000 and at 2 normal it is approximately 
80,000. It is evident that, in concentrated solutions, the con- 
ductance reaches values far beyond that of any known elec- 
trolytic solutions and even approaches that of metals. The 
increase in conductance at higher concentrations is again in 
agreement with the observed increase in the transference 
number of the electrons. We have seen that, at higher con- 
centrations, the carrying capacity of the electrons increases 
enormously with respect to that of the sodium ions. Assum- 
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ing the conductance of the sodium ion to remain substantially 
constant, the conducting power of the solution must increase 
greatly with increasing concentration. 

With Dr. W. W. Lucasse, now of the University of Penn- 
sylvania, I measured the specific conductance of sodium and 
potassium solutions up to their saturation point.” The con- 
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Showing the increasing conductance of sodium at higher concentrations. 


ductance curve for sodium is shown in Fig. 8. The specific 
conductance increases rapidly with increasing concentration 
until at the saturation point (at —33.5°) it has a value of 5047 
reciprocal ohms. The specific conductance of mercury at 
20° C. is 10,440 reciprocal ohms. Thus, the specific conduct- 
ance of a saturated sodium solution is one-half that of mer- 
cury. Clearly, these concentrated solutions are true metals. 
When one takes into account the fact that the concentration 
of sodium in these solutions is low compared with that in the 


1 Kraus and Lucasse, J. Amer. Chem. Soc., 43, 2529 (1921). 
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pure metal, the atomic conductance reaches very high values. 
Thus, the atomic conductance of a saturated sodium solution 
is 8.73 X10° as compared with 48.4 10° for metallic sodium. 
In other words, atom for atom, the pure metal conducts only 
about five times as well as its saturated solution in liquid 
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Showing how the specific conductance of sodium solutions varies up to the saturation point, 


ammonia. The conductance curve for potassium (passing 
through points as plotted) is almost identical with that of 
* sodium, as may be seen from Fig. 9. This shows, as clearly 
as anything could, the independence of the properties of these 
solutions of the nature of the positive ions. 
Conductance-Temperature Coefficient—The influence of 
temperature on the conductance of metal solutions is also very 
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interesting. As is well known, the resistance of metals, in 
general, increases with the temperature while that of electro- 
lytes decreases. The temperature coefficient for metals is 
about 0.38 per cent. per degree, while that of electrolytes is 
several per cent. per degree, being about the same as that of the 


FIG. 9. 
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Conductance of concentrated solutions of sodium and potassium, compared. 


temperature-viscosity coefficient of the pure solvent. For 
potassium, the resistance-temperature coefficient has a value 
of 1.42 per cent. at a concentration of about 0.1 normal. 
With increasing concentration, the coefficient increases, reach- 
ing a maximum of 4.55 per cent. At still higher concentra- 
tions, the coefficient diminishes very rapidly, reaching a value 
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of 0.044 per cent. for the saturated solution." The curve is 
illustrated in Fig. 10. At the highest concentrations the 
metal solutions in ammonia are rapidly approaching a state 
closely approximating that of pure metals. 


FIG. 10. 
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of potassium. 


Although the metal solutions in liquid ammonia present 
other interesting physical properties, we cannot take the space 
to discuss them here. Enough has been said to show that 
these solutions form a link between metallic and electrolytic 
conductors and that they owe their characteristic pioperties 
to a common ionic species, the electron. 


B. CHEMICAL PROPERTIES. 


Metathetic Reactions.—lf the solutions of the metals con- 
tain electrons as ions, then we may expect to find chemical! 
properties of these solutions that depend upon the presence of 
electrons and a study of such properties should throw light on 


"4 Kraus and Lucasse, J. Amer. Chem. Soc., 44, 1941 (1922); 45, 2551 (1923). 
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the behavior of electrons as chemical agents. It should be 
stated at the outset that electrons in ammonia are not identi- 
cal with electrons as they exist in the free metals or in a 
vacuum tube, for example. The properties of electrons, like 
those of other atomic or ionic species, are modified by their 
environment. No ionic species can be considered without 
reference to the solvent medium in which it is imbedded and 
the same is true of electrons. 

However, we may expect to find certain chemical proper- 
ties of metal solutions that depend on the electrons and which, 
therefore, will be the same, irrespective of the metal from 
which they may have been derived. We have seen that the 
metals, in solution, are ionized into positive ions and electrons. 
The positive ions are identical with the positive ions of salts of 
the same metal while the negative ions (electrons) are the 
same for all metals. Now the salts of metals are also ionized 
and we should therefore expect that reactions of the metals 
with one another or with salts would be governed by the same 
laws as reactions of salts with other salts. If we treat a salt 
of one metal and a given acid with a salt of another metal and 
another acid, we have a metathetic reaction thus: 


MX, + M.X> = M,X2 + M2X;. 


Actually, all the constituents are present in solution in ionic 
form and our solution simply consists of the four ionic species 
M,*, M.*, X; and X,-. These ions undergo no reaction in 
solution. Reaction occurs only when the solution becomes 
saturated with respect to one of the four molecular species 
M,X,;, MiX2, M2.X;, or M2X-2. Under these conditions, re- 
action proceeds until equilibrium is reached. 

Precisely the same thing happens in the case of metal 
solutions. If we add metallic potassium to a solution of 
sodium chloride in liquid ammonia, we have present the ionic 
species Na*, K*, Cl-, and e~, where e~ represents the electron. 
Ordinarily, no reaction occurs and we obviously cannot say 
that the solution contains metallic sodium and potassium 
chloride or metallic potassium and sodium chloride, for both 
sodium and potassium are present as ions and their relation to 
the chloride ions and to the electrons is equal. The metallic 
constituent of the solution is the electron, and it makes no 
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difference what other ions, positive or negative, may be pres- 
ent. If, however, we were to concentrate the solution, we 
should finally reach a point where potassium chloride would 
begin to precipitate, for it is the least soluble of the four molec- 
ular species Na, K, NaCl and KCl. Thus, there would be 
left in solution a greater proportion of sodium ions than of 
potassium ions and, if the solvent were finally evaporated 
completely, the residue would contain the electrons, chiefly in 
combination with sodium ions as metallic sodium.” The 
reaction equation may be written: 


Nat + Cl- + Kt + & ~ KCl + Nat +e - Na. 


We commonly find it stated that, to reduce a metal from 
its salts, a more strongly electropositive metal is required. 
This, obviously, is not the case in these metallic solutions. 
If, for example, we treat a solution of sodium bromide with 
metallic magnesium, which is much less electropositive than 
sodium, the sodium is reduced to the metal in solution, from 
which free metal may be obtained by simply evaporating the 
solvent.'* Written ionically, reaction occurs as follows: 


2Nat + 2Br~- + Mg** + 2e— + 2Nat* + 2e— + MgBr:. 


The reaction proceeds from left to right because magnesium 
bromide is difficultly soluble in liquid ammonia and it proceeds 
as indicated even though magnesium is only slightly soluble. 

A similar reaction occurs with a number of the less electro- 
positive metals whose solubility in liquid ammonia is quite 
inappreciable." 

If metallic aluminum is treated with a solution of potas- 
sium amide in liquid ammonia, the following reaction takes 
place, again written in ionic form: 


3Kt + 3NH2~ + Al** + 3e— — 3K* + 3e— + Al(NA2);. 


The reaction proceeds from left to right because aluminum 
amide has a very low solubility and, moreover, is very feebly 
ionized. Reactions such as these occur because, despite the 


2 Kraus and Kurtz, J. Amer. Chem. Soc., 47, 43 (1925). 

13 Bergstrom, J. Amer. Chem. Soc., 48, 2848 (1926). 

14 Bergstrom, J. Amer. Chem. Soc., 45, 2788 (1923); 47, 1836 (1925); 50, 652 
(1928). 
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low concentration of electrons and positive ions of the reduc- 
ing metal, the latter ions are removed by reaction with a 
second ionic species as rapidly as they go into solution. 

Other types of metathetic reactions take place.” If, for 
example, we treat silver iodide with metallic sodium in liquid 
ammonia, the following reaction occurs: 


Agt + I1- + Nat +e > Nat+1- + Ag, 


or, otherwise stated, metallic silver is precipitated.” The 
mechanism of the reaction consists in the combination of silver 
ions with electrons to form neutral silver atoms, which, being 
insoluble, are precipitated. 

Reduction of Negative Elements.—There is a second, exten- 
sive and important class of reactions in which the electrons 
take part. The atoms of strongly electropositive elements 
have but a low affinity for electrons, for which reason they 
lose their normal] valence electrons when dissolved in liquid 
ammonia and form positive ions. The atoms of strongly 
electronegative elements, on the contrary, have a high affinity, 
not only for the electrons that they normally possess, but, also, 
for additional electrons, one or more depending upon their 
negative valence. If a negative element is treated with 
electrons it goes into the state of a negative ion.” Thus, if 
iodine is treated with sodium in liquid ammonia, it reacts 
with electrons to form iodide ions according to the equation: 


I, + 2Nat + 2e- ~ 2Nat 4+ 2l-. 
A similar reaction occurs in the case of sulfur, we have: 
S + 2Nat + 2e- = Na.S. 


Here, the sulfide ion is precipitated as sodium sulfide, because 
sodium sulfide is insoluble. If, however, we had employed 
two atoms of sulfur, we should have obtained the reaction: 


2S + 2Nat + 2e- = 2Nat + S,*. 


A disulfide ion is formed under these conditions, which re- 
remains in solution, since sodium disulfide is soluble.“ By 


% Burgess and Smoker, J. Amer. Chem. Soc., §2, 3573 (1930). 
Bergstrom, J. Amer. Chem. Soc., 48, 146 (1926). 
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using larger proportions of sulfur, higher sulfides, known as 
polysulfides may be obtained in solution. The formation of 
the polysulfides is actually due to a secondary reaction, since 
the same sulfides are obtained by merely treating the normal 
sulfide with sulfur, reaction taking place as follows: 


Na2S + S, — Na2S,x4;. 


Thus far, in illustrating the action of electrons on negative 
elements, I have only been restating the known and the ob- 
vious, for we know that the alkali metals combine directly 
with negative elements such as sulfur and iodine. My pur- 
pose is to make clear the mechanism of this type of reaction 
and then proceed to cases that are less familiar and obvious. 

Negative Lead Ions.—lf metallic lead is introduced into a 
solution of metallic sodium, reaction occurs and the lead goes 
into solution.?” 

If an excess of lead is present, nine atoms of lead are dis- 
solved per atom of sodium in solution. The solution is 
opaque-black when concentrated and green (by transmitted 
light) when dilute. If the solution is evaporated, a metallic 
alloy is left behind and, if ammonia is again added, the alloy 
dissolves. Now, what is really taking place in the case of 
lead? The reaction is precisely analogous to that between 
sodium and sulfur, for, although lead ordinarily functions as a 
positive element, it also has a marked affinity for electrons and 
tends to form negative ions. Since the negative valence of 
lead is 4, we should expect that one lead atom would combine 
with fourelectrons. The reaction that occurs is the following: 


Pb + 4Nat + 4e— — Na,Pb. 


The normal plumbide, Na,Pb, is not very soluble and is 
precipitated. But, as in the case of sulfur, the lead ion tends 
to combine with additional lead atoms to form a polyplumbide 
anion, the sodium salt of which is soluble. In the presence of 
excess lead, we thus have the reaction: 


NaPb + 8Pb > 4Nat + Pb,. 


1 Joannis, Comp. rend., 113, 797 (1891); 114, 595 (1892); Kraus, J. Amer. 
Chem. Soc., 29, 1557 (1907); Smyth, J. Amer. Chem. Soc., 39, 1899 (1917). 
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The solution contains positive sodium ions, Nat, and negative 
polyplumbide ions, Pbe*~. We should expect such soiutions to 
behave like solutions of electrolytes. This may at first appear 
surprising, for compounds of sodium and lead are well known, 
and it is also known that these compounds are metallic alloys. 
Metallic alloys are not ordinarily supposed to be salts. But, 
while the result is unexpected in the light of prevailing concep- 
tions, which have, perhaps, been unduly influenced by the 
accident of our surroundings, experiment shows that solutions 
of sodium polyplumbide possess all the properties of electro- 
lytic solutions and none of the properties of metallic solutions. 

To show that a solution of sodium polyplumbide is an 
electrolytic one, we have only to electrolyze such a solution 
between lead electrodes. If the solution is an electrolyte, 
lead will be precipitated on one ot the electrodes; and, if lead 
forms the anion, lead will be precipitated on the anode and 
dissolved at the cathode. This is, in fact, what occurs. For 
every equivalent of electricity passing through the solution, 
2-1/4 atoms of lead are dissolved at the cathode and precipi- 
tated on the anode. We, obviously, do not have 2—-1/4 atoms 
of lead associated with a unit of negative charge; what we do 
have is 4 X 2-1/4, or 9 atoms, of lead associated with four 
negative charges. 

Not only lead, but the elements of the fourth, fifth, and 
sixth groups of the periodic system, form salts of the poly- 
type ‘8 and these salts are metals in the pure state in the case 
of the heavier elements. Certain of the intermetallic com- 
pounds, therefore, lose their metallic properties when they are 
dissolved in a non-metallic solvent. This bears out a state- 
ment that was made earlier to the effect that metallic proper- 
ties are dependent upon condition and, particularly, the prox- 
imity of atoms to one another. 

In the present discussion, the chemical properties of 
electrons in liquid ammonia solution have been touched upon 
only briefly. Space does not permit of a more extended 
treatment. The electrons constitute the most reactive reduc- 
ing agent that we have at our disposal under ordinary condi- 


18 Kraus, J. Amer. Chem. Soc., 44, 1216 (1922); Trans. Amer. Electrochem. Soc.., 
45, 175 (1924). 
VOL. 212, NO. 127I—39 
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tions. They react with many elements, in the compound state 
as well as in the elementary condition. The use of metal solu- 
tions as reagents opens up an extensive field of chemistry, 
which, as yet, has hardly been touched. 


Il. CONCLUSION. 


The alkali metals and the metals of the alkaline earths 
dissolve in liquid ammonia with the formation of ions. The 
positive ions are the normal ions of these metals while the 
negative ions are electrons. The physical and chemical prop- 
erties of these solutions are in accord with this view. 

Metallic compounds, when they dissolve in liquid am- 
monia, form ions of the normal type. The more electronega- 
tive element forms the anions. 

The metallic condition of matter is restricted to matter 
in a highly condensed state. If the atoms are separated, 
whether in solution or as a vapor, the metallic properties 
disappear. In an ionizing medium, however, the electron 
retains certain of the properties that it possesses in elementary 
metals. 
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CLASSICAL ELECTRODYNAMICS AND THE 
CONSERVATION OF ENERGY. 


BY 


W. F. G. SWANN, 


Director of the Bartol Research Foundation of The Franklin Institute. 


BARTOL RESEARCH Many years ago, Abraham raised a diffi- 

FOUNDATION culty concerning the conservation of en- 
Communication No.61. 4roy as applied to the Lorentzian electron. 
Briefly, the difficulty was as follows: The fundamental postu- 
late of Lorentz was to the effect that the electron moves in 
such a way that 


KC) 


where E and H refer to the total field, u to velocity, p to den- 
sity, and dr to the element of volume. Dividing the integral 
into two parts, one involving the external field Eo, Hy, and 
the other involving the field E;, H;, of the electron alone, (1) 
becomes 


fff (m+ 282) a 
=~ SJ (a +E) sar. 


If the integral on the right-hand side be worked out, for 
example, for a case of acceleration in a straight line it gives, as 
regards the term was the acceleration, the value 


v “ye dv 


—_ 


where a is the radius of the electron, and v is the velocity of 
its center. Thus (1) becomes, to this approximation, 


Sf (e+) ote = Sa -3)"G- @ 
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If one should call the left-hand side of (3) the ‘external 
force,’’ and the scalar product of external force and velocity 
the ‘‘rate of doing work (dW /dt), by the external force,’’ he 
would find 


dw e =)" dv (4) 


= I —_—_ v— . 
dt 6rac? Cc dt 


On the other hand, the customary expression for the energy 
of the field of the electron is 


‘f [ff @:+Haar 


and this, when worked out, gives 


SSS (BEB) a -£5(+-$) "9 
ot 2 ois 6rac? C * dt 


é? ( vy r 2d i, 
-(1-- v—, (5) 
t 247ac* C — 


which differs from the value in (4) by 


e ( sy" dv 
— v—- 
247rac* Ce dt 


The difference has nothing to do with neglect of the Poynting 
flux term connected with the rate of increase of energy, nor 
with the terms involving derivatives higher than the second, 
which are neglected in (3). The discrepancy is, in fact, of the 
same order of magnitude as the whole quantity concerned; 
and, as may be seen by neglecting v*/c’, it is equivalent to a 
change of the rest mass in (3) from e?/67ac? to 


é” Se & 
6rac?  24nac? = 24 rac? 


In order to avoid the difficulty, Poincaré! has even gone 
so far as to invent forces of non-electrical origin in the electron 
to account for the discrepancy. 

The present writer has shown that if a proper interpreta- 


1 Poincaré, ‘Sur la dynamique de I’électron,’’ Rendiconti del Circolo Mathe- 
matico di Palermo, 21, p. 129,"1906. 
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tion of the significance of the equations is made,’ there is no 
discrepancy whatever. The questions involved are purely 
algebraic and in any ultimate discrepancy, would involve a 
violation of the ‘‘conservation of algebra’’ rather than the 
conservation of energy. The point involved is that the funda- 
mental energy equation in electrodynamics arises from the 
algebraic consequence of the electromagnetic equations to the 
effect that, 


fff (oe +E) oar 
? -2 fff (FA*)a-c ff omuas. (6) 


This relation is true for any field or portion of a field which in 
itself forms a solution of the electromagnetic equations. It is, 
therefore, true of the field E;, H;, of the electrons alone, so that 


PPS (oe) a 
~ ASS EB )ar ef fommaas. 0 


writing u = v + Av, where v is the velocity of the center of 
the electron, and then utilizing (2), equation (7) becomes 


Af (+22) ai 
“Lf (or) a 
+2 fff FA® Jase ff mmaus. (8) 


The first integral on the right-hand side of (8) is the one which 
seems to be lost sight of occasionally in discussions of this 
matter, and its presence shows that if the left-hand side of 
(8) is to be called rate of doing work, then the second term on 
the right-hand side is not appropriate to the title, rate of in- 


2 W. F. G. Swann, ‘‘The Fundamentals of Electrodynamics,”’ Bulletin of the 
Neiional Research Council, No. 24, pp. 41-44, 1922. 
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crease of energy. If the first term on the right-hand side be 
worked out, it gives, to the necessary approximations, 


—¢ : -3)" dv 
24rac as "aR 


which just cancels the corresponding term in (5) arising out of 
the second integral on the right-hand side of (8), and thus we 
are left with perfect consistency all around, and in particular 
with the result obtained by multiplying both sides of (3) by v 
as a result perfectly consistent with (5). 

While, therefore, there is, and must of necessity be, con- 
sistency in the matter, there does remain the first term on the 
right-hand side of (8), which term ‘“‘spoils”’ the meaning of 
(E? + H,)/2 as energy per unit volume of the field. The 
main object of the present paper is to show that by suitably 
modifying the equation of motion (1), it is possible to formulate 
a scheme consistent with the facts, and with the retention of 
(E? + H’)/2 as energy per unit volume, unspoiled by the 
presence of the first term on the right-hand side of (8). At 
least it is possible to do this by the neglect of terms of small 
order of magnitude which are, as a rule, negligible. 

In the first place, expression (1) is not invariant under the 
restricted theory of relativity, and while this is not the origin 
of the trouble which it is the object of this paper to discuss, 
we shall first recall that Leigh Page * has generalized the as- 
sumption of Lorentz to a form at least relativistically in- 
variant. According to the assumption of Leigh Page, there 
exists a set of axes in relation to which the electron is a sphere, 
all of whose parts are momentarily at rest, and in this set of 
axes it moves in such a way that 


f f E’p'dr' <0, (9) 


where we have used dashed letters to denote the quantities in 
the system of axes concerned, which system we shall call .S’. 
In S’, of course, u’ = 0 everywhere on account of the postu- 
late made. From (9) it is, of course, possible to work out the 


* Leigh Page, ‘‘Is a Mass Retarded by the Reaction of Its Own Radiation?”’ 
Physical Revue, vol. xi, p. 377, 1918. 
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motion in any system of axes by utilization of the relativity 
transformations, and this Page does. However, for our 
present paper, we desire a rather different picture of the mat- 
ter. If k = (1 — @/c*)—”, where q is the resultant velocity 
of the electron, it is known that k(E + [uH]/c), ki(E-u)/c 
constitute a 4-vector. Hence 


k(E,+[uH ],/c) =Bk'(E.’+[u'H’],/c)+8k'v(E’-u’)/c ~— (10) 
where the x, y, 2, ¢, system S is one defined by 
x= B(x'’+vt’); yy, 8=2', -6(7 +42") 
and is one in which S’ has a velocity v parallel to the axis of x. 
The quantity 8 is, of course, 
p= (1 —e/e)72, 

Since «’ is everywhere zero in S’, (10) gives 

k(E, + [wH],/c) = Bk’E,’. (11) 
Now ku, kic constitute a 4-vector, so that 

k = a(R! + v/2k'u,') 


or, since 
Uz" = 0, 
k = Bk’. (12) 
Thus (11) gives 
E, + (uH]./c = E,’. (13) 


Now pdr is an invariant. Thus let us multiply (13) by pdr 
on the left and p’dr’ on the right and integrate throughout 
all space at constant t’. 


{ff (E, + [uH)./c)pdr - {fife ‘de! 


’ = const. = const. 


For the y and z directions we obtain 


SSS (E, + [uH],/c)pdr = 1/6 ff [ soar’ 


?’ = const. t’ = const. 


f f f (E, + [uH]./c)pdr = 1/8 f f f E.'o'dr’. 


t = const. ’ = const. 
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In virtue of the fundamental assumption of Page, the right- 
hand side of each of these three equations is zero. Hence 


{{fe + [uH]/c)edr =o. (14) 


’ = const. 


Equation (14) is the equation which replaces the fundamental 
assumption of Lorentz. It differs from it in being taken at 
t’ = constant rather than at ¢ = constant. 

Again, because k(E + [uH ]/c), ki(E-u)/c constitutes a 
4-vector 


R(E-u) = Bk'(E’-u’) + Bvk’(E,’ + [u’H’),/c), 
so that using (12), and observing that u’ = zero everywhere, 
(E-u) = vE,’ 


Multiply by the invariant pdr and integrate throughout 
space at constant ¢’. Then, since 


fz.’ ‘dr’ = 0, 


’ = const. 


fff (E-u)pdr = o. (15) 


’ = const. 


we find 


Since the vector product of u and [uH ]/c is always zero, we 
can, if we wish, replace (15) by 


SSS (u-E + [uH ]/c)pdr = o. (16) 


i’ = const. 


As a matter of fact, it would have been possible to infer (15) 
and (16) directly, because the velocity transformation gives 


ku, = Bk'(u,’ + v) 
k = Bk'(1 + u,'v/c*), 


so that at ¢’ = constant, and with u,’ = 0, 


Uz = UV. 


- 
i 
a 
4 
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Thus u may be taken outside of the integrals ‘ in (15) and 
(16), leaving a result which is merely the equivalent of (14). 

However, the assumption of Page does not relieve us of 
the difficulty discussed earlier. For, again dividing the field 
into an external part E, and an internal part E;, (15) is the 
equivalent of 


fff @ewear mare of { { Bwar, 


’ = const. ’ = const. 


since u can, at will, be written as v and taken outside of the 
integrals at constant ¢t’. Now let x’ = 0 be a point in the 
charge in the system S’ at ¢t’. For example, in the case of a 
symmetrical distribution of charge, let x’ = o be the plane of 
symmetry. Let the corresponding point have the component 
value x) at ¢ = & in S. 


Then 
t’ = a(« — 2m) 


For any other point in S, the corresponding value of ¢ at 
constant ¢t’ is such that 


Hence 
v 
t = hb +34 (% — Xo) 
Put 
x — Xp = bx. 
Then 


Vv 
t= lo +o. 


‘ The axis is chosen momentarily parallel to the velocity u. 
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Hence 
[J forte Lf f oor 
= const. t = to+ (v/c*)dx 


-fJse wear + ff fad (Be u)pdr}, 


where we have discarded time derivatives of order higher than 


“ - Hence 


ff (E,-u)edr = [ { [ Bs-w)pdr 


= const. 


~otf ix { (By) pdr}. (17) 


Let us now consider 


I = ff Sa -u)pdr}. (18) 


We shall make the customary approximation involved in the 
quasi stationary principle to the effect that we may consider 
the system at each instant as obtainable from a stationary 
system related to it by the relativity transformation. ‘This 
system S”’ is, of course, the same as S’ except that the distribu- 
tion in it corresponds to ¢ = constant rather than?’ = con- 
stant. Now using two dashes to denote quantities in S’’, 


u=v +5 7 * /8)- 


Now 


a ae oe (19) 
In view of the occurrence of v/c? outside the last integral in 
(17), we shall neglect the term in v in (19), and write 
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Hence 

ou dv 7 

won et tone 65 ee . 

at ~ det ™ gp ‘t/8) 
The second term in the expression contains terms of the order 
v/c or lower order, and again in view of the occurrence of v/c? 
outside of the last integral in (17), we shall neglect them. 
Thus 


Now pdr is invariant for corresponding elements in S and S’’. 
Moreover, the component of E; parallel to the velocity is the 
same in S’’ asin S. Also 6x = 6x’’/8, so that 


I <5) [foe Ndr", (20) 
t= 


The integral is a constant quantity characteristic of the 
distribution of charge in the system S”’ at ¢ = constant and 
as a matter of fact the integral is the same as 


ff ax'Bip'ar’. 
evaluated at #’ = const. 
Thus, for the case of a charge e which exists in the form of a 
spherical shell of radius a when at rest, the integral has the 
value e?/247a, where we neglect contributions to the field E; 
involving the acceleration and higher derivatives. In this 
case 
I = ev/247a 


and equation (17) gives 


Sff (u-E;)pdr = fi (u-E,)pdr — e*vv/24mac?, (21) 


t’ = const. 


or, since the vector product of u and [uH ]/c is zero, 


ff " (u-E,) pdr = +¥ (u-E,; + [wH;]/c)pdr 


v = const. 


— evv/24nrac*. (22) 
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Taking u outside the first integral on the right-hand side, 
since it is constant and equal to v at ¢t’ = constant, and 
further, writing E = E, + E; and H = Hy, + Hi, and using 
(14), equation (22) becomes 


JJ J @Bdedr - sa | ff Go + [wk J/c)edr 


= const. 


— evr/24rac*. (23) 


It is now an algebraical fact that 


ff fowninir= 2 fff (EEB)a 
| — cf f LE,H; ],dS. 


Hence, 
of [f(t ot = 35 
£2 ff f(t arte ffoemaas eo 


and once again we arrive, up to the second order, exclusive, at 
the same discrepancy as before as regards the rate of doing 
work by the external force and rate of increase of energy of 
the field, if we wish to call the left-hand side of (24) the rate 
of doing work by the external force > and (E? + H,?)/2 the 
energy per unit volume of the field of the electron. 


5 The left-hand side in question may be written 


of ff Go + Cube Ve)pdr. 

t = to+ vbx/c? 
Now, in general, Ey and Hy vary very little over the charges, the situation being 
quite different from what it is for E; and H;. The addition véx/c* to to, therefore, 
causes contributions of opposite sign, fore and aft, of the representative point in 
the charge. In the case of a symmetrical distribution of charge with a representa- 
tive point at the center of symmetry, and for a field Eo, Ho, uniform over the 
charge, the contribution made by the term véx/c? would be zero, and in all cases it 
is small unless the field varies appreciably over the extent of the charge, or varies 
appreciably with time in a time comparable with v/c times the time necessary for 
light to travel a distance comparable with the dimensions of the charge. 
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In general, in the case of a distribution of charge of arbi- 
trary shape considered as an entity as regards its motion, the 
integral in (20) assumes a value a, characteristic of the charge 
distribution in the system referred to axes in which it is at 
rest, and of the total amount of the charge. Thus, neglecting 
vlc. 

I = a 


and equation (24) results, with e?/247a replaced by a. 
Suppose, however, that instead of assuming the equation of 
motion (14), we assume an equation of motion of the form 


d 
/ he. - 
ee + [uH ]/c)pdT aka (kw), (25) 


’ = const. 


where k& has the meaning already defined, Le., 
k= (1 - gic)”, 


where g is the resultant velocity of the charge, and where w 
is really equal to v, but has been momentarily designated by a 
different symbol, since we wish to emphasize the 4-vector 
character of 


d ae 
k 7 (kw), ko (hic). 


Equation (25) is now relativistically invariant and neglecting 
v’?/c?, we may write it ° 


f J { ‘(E+ [uHVc)edr = = é. (26) 


In the step between (22) and (23) we now have, in place of 
the first term on the right-hand side of (23) 


—v [ff + [uHy ]/c)pdr + avi/c? 


’ = const. 


6 Of course, neglect of v*/c? destroys the strict invariance. However, we pay 
our homage to the strict invariance by making the equations conform to it. 
Then, for the sake of showing that our procedure involved in adopting (25) results 
in at least approximate consistency as regards the points which it is the main ob- 
ject of this paper to discuss, we find it conven‘ent to neglect »/c*. 
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and the term e*vi/247rac* in (23) is, of course, replaced by 
avi /c?, so that the two terms in a cancel, leaving 


JJ J o-Boede 2 —o fff + CukeIododr, (27) 


? = const. 


which leads to 


of f (Ey + [wHo]/c)pdr ffm 
# = const. 
+e f f (EH..dS. (28) 


Thus, by the artifice of modifying the fundamental-force 
equation to the form (25) 7 we can, at any rate up to the 
second order, preserve the energy equation (28) in its custom- 
arily recognized form. Equation (25) is, of course, the 
equivalent of introducing a material mass whose rest value 
is a/c?. 

Another aspect is of some interest. We have 


SS fcoBedr = fff caBoedr + fff w-Bdedr 


so that, using (22), but with the last term therein generalized 


7 The same end may be reached by replacing (14) by 
SSS (Eo + (uHoJ/c)pdr = — (1 +2) SSS (EB; + [ul J/c)pdr. 


’ = const. ’ = const. 
In the step between (22) and (23), we now have, in place of the first term, on the 
right-hand side of (23), 


—0 f {ff Bo + [uHeIe)edr - 2» A} Sf Es + CoB Ieodr. 


= const. = const. 


The second integral in this expression works out to — e/6rac* in the case of a 
Lorentzian electron, and is, in general, of the form — yt, so that if we chose \ 


so that 
Ay = a/c, 


remembering that the last term in (23) is in the general case — avi/c*, we see that 
(23) leads to (27), and the desired end is secured. 
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to the form — avi/c?, we have 


JJ Jo er - JJ Jw E, + [uH;]/c)pdr — avi/e 
+f ff (u-Ey + [uHy ]/c)pdr. 


Since u = constant at ¢’ = constant. 


JSS (u-E)pdr = off (E; + [uH;J/c)pdr — avi/c 


cine +of ff (Eo + [uHh ]/c) pdr. 


Now, to the extent that we may, as already discussed, evaluate 
the last integral at ¢’ = constant instead of at ¢ = t& = con- 
stant, we may write 


ff (u-E)pdr = f{fe + [uHJ/c)pdr — avi/e. 


’ = const. 


If, therefore, we assume (26), the right-hand side of the above 
equation, is zero, and there results 


ff [ @-Bedr = 0 (29) 
t= 
or, if we prefer, 


Jf [ @-EF Tab opdr = o. (30) 


Since it is an algebraical fact that the left-hand side of (30) 
is always equal to 


eff {22 (E+ tig —cf f (eHes 
we have 
ff osm, --cff{ceH}es. Gy 


A statement which implies that the time rate of change of the 
electromagnetic energy as ordinarily understood within a 
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region is equal to the total inward Poynting flux through the 
boundary of the region, regardless of the presence of charges 
within the region. However, the truth of the law involves 


(1) The modification of the force equation along the lines we 
have suggested. 

(2) The neglect of the higher-order terms which we have 
referred to. 

(3) The condition that the ‘‘external field’’ associated with 
any charge shall not vary appreciably over the charge, 
and shall not vary appreciably with time during a 
time equal to v/c times the time taken for light to 
travel a distance comparable with the dimensions of 
the charge. 


It is, of course, possible to have a condition that a charge 
moves in such a way that 


{ [[ G-wedr = 0 


regardless of the above requirements, and without the compli- 
cations and approximations we have discussed, provided that 
we are willing to forego the requirements of the restricted 
theory of relativity. The assumption is the practical equiva- 
lent, in large part, of an alteration of the rest mass by a 
numerical factor, as already pointed out. 

Finally, it may be remarked, that since the term which 
causes all the trouble (i.e., the term represented by the first 
integral on the right-hand side of (8) or its equivalent in the 
later discussions) is the same order of magnitude as 


a SS (FS) « 


its complete neglect does not alter the truth of (31) as regards 
order of magnitude. 

The main reason for writing the foregoing paper on this 
rather time-worn subject is the necessity of crystallizing the 
subject for the purpose of another paper on ‘‘ Electrodynamics 
and the Mutual Annihilation of Positive and Negative 
Electricity.”’ ® 


* This paper follows the present one in an early issue of the JOURNAL OF 
THE FRANKLIN INSTITUTE. 
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CRYSTAL STRUCTURE AND ATOMIC PROPERTIES OF 
ALLOYS CONTAINING TRANSITION ELEMENTS.* 


BY 


ARNE WESTGREN, Ph.D., 


Professor of General and Inorganic Chemistry 
at Stockholms Hégskola, Stockholm, Sweden. 


THE TRANSITION ELEMENTS. 


According to Bohr, more than half the number of metallic 
elements belong to series within which a gradual consolidation 
of the inner electron groups of the atoms takes place. These 
metals—the so-called transition elements—consist of the 
series 21Sc-28Ni, 39Y-46Pd, 57La-78Pt, 89Ac-92U. Bohr 
has marked them out by enclosing them in frames in his 
periodic table (Fig. 1). 

The electronic configuration of the atoms of these elements 
seems to be of an easily changeable character, i.e. the steps 
between their energy levels are smaller than in other kinds of 
atoms. Because of this, their ions differ from those of other 
elements inasmuch as they have the capacity of absorbing in 
the visible part of spectrum. Their solutions are consequently 
colored. Further, owing to the assymetry of their ions they 
are in the ionic state generally not diamagnetic, like the nor- 
mal elements, but instead are more or less distinctly para- 
magnetic. 

The fact that these elements exhibit variable valency is 
apparently connected with the peculiarity in their atomic 
structure. But, as we know, they are not unique in this 
respect. Apart from their pronounced catalytic effect noth- 
ing has so far been discovered which might be considered to 
be generally characteristic of the chemistry of their oxides 
and salts, i.e. their compounds which up till our days have 
been the most thoroughly investigated. Only within certain 
groups of them some conformity in chemical properties has 
been ascertained. The rare earths resemble each other clcsely 


* Presented at a meeting held Thursday, February 5, 1931. 
VOL. 212, NO. 1271—40 577 


578 ARNE WESTGREN. (J. F. 1. 


which, as we know, may be referred to the fact that they 
belong mainly to an element series in which the successive 
development of the electronic configuration, with rising atomic 
number, takes place comparatively deep in the interior of the 


Fic. 1. 
ssCs ———— 87 — 
, 56Ba. —— aska 
s7La 89AC 
5sCe 90Th 
s9Pr 91Pa 
60Nd 92U 
61Il 
19K ——37Rb 6250 _— 
20Ca—— 3aSr 63fu | ' 
21Sc 39Y 6¢Gd | ’ 
227i 4ozr 6sTb | ; 
: 41Nb 66Dy | 
73lt — Na 42Mo\\\, |}67HO 
,7 48e—12M a3Ma\\\\, Hestr rea: 4 
$B ——13A aaRu , }e9Tm | | 
1H< 6C ——14Si a5Rh \]70Y 4 
2Hes. 7N —15P 46Pd Welu ae 
N's 80 —165S 47A 72H oe. 4 
\S9F —17Cl 302. —— 48 737Ta ae 
10Ne——18A 31Ga ——43In 74W ee 
32Ge ——soSn 75Re - 
33As ——51Sb 760s 
34Se——sz2Te 77Ir 
35 Br ——-53] 7aPt 
36Kr —— s4Xe \79AU 
80H 
iT 
82Pb 
83BL 
84Po 
85 — 
e6Nt ——18 — 


The periodic table of the elements according to Bohr. 


atoms. As pointed out by A. Werner (1) certain general 
characteristics may be noted regarding the chemical character 
of elements also within other groups of transition elements, as 
e.g. those belonging to the Sc-Ni group. This does not imply, 
however, that they differ sharply from neighboring elements, 
‘as, according to Werner, scandium in certain respects re- 
sembles the preceding elements potassium and calcium, 
whereas chromium, manganese, iron, cobalt and nickel in 
some respects are related to the subsequent metals, copper and 
zinc. 


| 
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Even if the peculiarity of the transition elements thus 
does not display itself very distinctly in their reactions, or 
reaction products, belonging to classical inorganic chemistry, 
it however—as will be seen in the following—makes itself 
manifested in a clear way, when they form ingredients of 
certain compound metallic substances. 


ALLOYS WITH NICKEL-ARSENIDE STRUCTURE. 


When Aminoff and Alsén (2, 3) several years ago determ- 
ined the atomic grouping of the mineral nickeline, NiAs, they 
scarcely suspected that it was one of the most generally oc- 
curring structure types of the alloy phases that they had 
encountered. Soon afterwards Alsén (4) also found that 
pyrrhotite, FeS, as well as breithauptite, NiSb, and the syn- 
thetically produced compounds FeSe, NiS, NiSe and CoS all 
have the same atomic grouping as NiAs. Later V. M. Gold- 
schmidt and his collaborators, however, could add to this list 
quite a number of other substances, which were all found to 
have this so-called nickel-arsenide structure (5). All of them 
are good conductors and have metal lustre so that they may be 
counted amongst the alloys even though they may contain 
up to 50 atomic per cent. As, S or Se. 

The structure type of nickel arsenide is shown in Fig. 2. 


FIG. 2. 


* Atom of transition element. 


Structure of nickel-arsenide. 
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The two kinds of atoms are here not structurally equivalent; 
atoms of the one kind are arranged in a simple hexagonal 
lattice, while those of the other define a hexagonal close- 
packed lattice, inserted into the former. 

V. M. Goldschmidt has pointed out the following fact in 
his important papers on the connection between crystal 
structure and atomic properties (5, 6). .All substances which 
we know for certain to possess the atomic arrangement of 
nickel-arsenide consist partly of atoms which belong to a 
transition element, and partly of large, easily polarized atoms, 
such as those of the elements Sn, As, Sb, Bi, S, Se and Te, the 
numerical proportion of the two kinds being about equal. 
The atoms of the first kind always take the position of the 
points of a simple hexagonal lattice, as seen in Fig. 2. 

Sometimes the interstices between the atoms in this 
structure are so large that a number of excess atoms of the 
transition element, which are generally comparatively small, 
may find room there. CuSn! (7), FeSb (8), NiBi (9) are 
phases of this kind, and probably many others which have 
been proved to be isomorphous with NiAs, but which have 
not yet been investigated by means of X-ray analysis as to 
the extension of their homogeneity ranges. 

So far, not even all alloys in which crystals with nickel- 
arsenide structure may be expected, and which may be pro- 
duced without great difficulty, have been investigated with 
respect to the occurrence of such phases. During coming 
years more substances of this kind will certainly be dis- 
covered.” 

From the data already available Goldschmidt has, how- 
ever, been able to infer that the condition mentioned above is 
not sufficient for the formation of a nickel-arsenide phase. 


1 Following immediately after the first and third of the series of elements in 
frames in Bohr’s periodic table copper and gold under certain conditions also as- 
sume the character of their preceding neighbours, and might in some cases be con- 
sidered to be transition elements. 

? Naturally, we must take into consideration that in some systems the phase 
with nickel-arsenide structure may be stable only at high temperatures. Recently 
William F. Ehret, e.g., found a phase of this kind also in the Fe-Sn system which is 
unstable at ordinary temperature, and which is encountered only in alloys which 
have been quenched from 800° C. A paper on the X-ray analysis of the Fe-Sn 
system will appear shortly. 
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It is also necessary that the ratio of the radius of the large 
atoms to that of the small ones should exceed a certain mini- 
mum value. Thus, iron, cobalt, and nickel form phases of the 
nickel-arsenide type with sulphur and selenium as well as with 
tellurium. Manganese, however, whose atoms are slightly 
larger than those of iron, cobalt and nickel], appears to form a 
nickel-arsenide phase only together with tellurium, and not 
with sulphur and selenium. 

Goldschmidt has thus empirically found certain conditions 
which seem to apply in the case of the formation of an exten- 
sive group of nickel-arsenide phases. The question might 
be raised, however, if the group mentioned is actually the only 
one of this kind. If atoms of transition elements are united 
not with large ones, but instead with very small atoms, such as 
those of carbon or nitrogen, it may sometimes happen that the 
metal atoms form a simple héxagonal lattice. As pointed out 
recently by Gunnar Hagg (10) it is quite possible that the com- 
pounds WC and MoN, whose metal atoms are arranged in 
this simple way, may be counted amongst the phases with 
nickel-arsenide structure. The diffraction power of the car- 
bon and nitrogen atoms is too small to enable a determination 
of their relative position. From sundry reasons it seems prob- 
able, however, that the metalloid atoms are arranged in the 
same way as the large atoms in Fig. 2, so that we have to deal 
with nickel-arsenide structures also in these cases. 

That being so, the axial ratio of these crystals would 
actually be considerably greater than that of the stannides, 
arsenides, sulphides etc. mentioned, and amount to 1.95, in- 
stead of 1.2-1.7. This is, however, easily explained by the 
fact that the carbon and nitrogen atoms occupy much less 
room than the atoms of tin, arsenic, sulphur, etc., so that 
they do not separate the chains formed by the atoms of the 
transition elements as much as the latter ones. This assump- 
tion is upheld by the figures given in Table 1 in which the 


TABLE I. 
Axial Ratio of some Series of Nickel-Arsenide Phases. 


Phase. | c/a. | | Phase. | cla. | Phase. | cla. | Phase. | cla. 
i ee 1.69 Cas.....1 Le NiS.. 1.55 NiAs. 1.39 
FeSe....| 1.63 CoSe...| 1.47 NiSe.. 1.46 NiSb. 1.31 
FeTe. . 1.26 Core...) 228 NiTe. 1.36 NiBi. 1.32 
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axial ratios c/a of some typical series of NiAs-phases are col- 
lected. The axial ratio is here found to decrease with an in- 
creasing atom size of the partner combined with the transition 
element. 

The axial ratio will, of course, be specially small if the 
phase contains more than 50 atomic per cent. of the transition 
element, i.e. when the interstices of the lattice are to a certain 
extent filled by excess atoms. Thus, the axial ratio of the 
nickel-arsenide phases in the copper-tin and in the iron-an- 
timony systems—both holding about 55 atomic per cent. of 
the transition element—is e.g., only 1.21 and 1.25 respec- 
tively. 

Naturally, it is of no consequence here, whether com- 
pounds like MoN and WC should range amongst the nickel- 
arsenide phases or not. At any rate, it seems clear that the 
atomic grouping in question will arise only provided the alloy 
contains about 50 atomic per cent. of some transition element. 
Consequently, it may be laid down as a characteristic of these 
elements that they alone are able to form alloys with this 
structure. 


COMBINATIONS BETWEEN TRANSITION ELEMENTS AND HYDROGEN, 
BORON, CARBON AND NITROGEN. 

Gunnar Hagg has recently analysed the data found in the 
literature concerning the hydrides, borides, carbides and 
nitrides of various metals completed with his own experience 
regarding this kind of substances (11). He found hereby 
that a combination between a metal and hydrogen, boron, 
carbon or nitrogen gives rise to products with metallic proper- 
ties (high conductivity and opaqueness) only on the condition 
that the metal is a transition element. 

X-ray investigations by A. E. van Arkel (12), K. Becker 
and F. Ebert (13) as well as by Hagg have shown that the 
hydrides, carbides and nitrides of the transition elements may 
under certain conditions be characterized by very simple 
atomic airangements. According to Hagg (11) these will 
form when the metalloid atoms are sufficiently small (ratio of 
the atomic radii < 0.59) as compared to those of the metal. 
Borides which fulfil this stipulation have not yet been investi- 
gated by means of X-rays; it is very likely, however, that the 
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same simple structures will be found here, as those already 
stated for a great number of products of combinations 
between transition elements and hydrogen, carbon and nitro- 
gen. The lattice types observed in these substances are the 
following: the face-centred and body-centred cubic lattices, 
the hexagonal close-packed one and, as stated above, the 
simple hexagonal lattice. Sometimes these lattices may be 
slightly deformed, the cubic one may for instance change into 
a pseudocubic, face-centred tetragonal lattice, and a slight 
deformation of the close-packed hexagonal one, may give rise 
to a pseudohexagonal orthorhombic lattice (14). Owing to 
the comparatively slight diffraction power of the metalloid 
atoms, with their few electrons, it is impossible to state the 
position of these atoms for most phases of this kind. Ina 
few cases it has, however, been possible to perform this de- 
termination. Thus, the sodium-chloride structure was en- 
countered in many carbides and nitrides. 

The methods applied earlier in inorganic chemistry have 
offered but an unsatisfactory means of determining which 
products arise as a result of reactions of transition elements 
with the metalloids mentioned. The introduction of X-ray 
methods has however enabled a solving of this question. In 
spite of this research field still being far from completely in- 
vestigated, the results obtained so far however clearly show 
that in this realm of chemistry, where matters earlier appeared 
to be specially complicated, simple, far-reaching rules are 
valid. 

Thus, amongst elements belonging to the Sc-Ni family 
scandium, titanium and vanadium form carbides with 50 per 
cent. carbon which all possess sodium-chloride structure. A 
vanadium carbide, lower in carbon and whose homogeneity 
range probably corresponds to the composition of the formula 
V:C, has been found to have a hexagonal close-packed struc- 
ture.* The atom size of the metals ranging within the iron 


*In a paper by A. Osawa and M. Oya (Sci. Rep. Téhoku Imp. Univ., 1, 19, 
95) the vanadium carbides are given as VsC and V,Cs. A comparison between the 
lattice dimensions of these phases and those of pure vanadium with the corre- 
sponding data of other transition elements and their carbides and nitrides, however, 
shows that the formule V2C and VC are more likely to hold true than those indi- 
cated by the Japanese investigators. 
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family decrease gradually from scandium to nickel. As 
pointed out by Hagg, the atoms of chromium are too small 
to be able to form a carbide of sodium-chloride type. Its 
highest carbide is the orthorhombic Cr;C:, then comes a 
trigonal carbide Cr7;C; and finally a cubic phase Cr.C (15). 
The highest carbide of manganese appears to be Mn;C; which 
is isomorphous with the corresponding chromium carbide. 
Quite recently Einar Ohman has found that manganese and 
carbon form a compound Mn,C which is analogous with the 
chromium carbide Cri,C, and possibly also a carbide Mn;C, 
isomorphous with Fe;C. As we know, iron only forms the 
orthorhombic carbide Fe;C (16). Cobalt and nickel give 
with carbon the compounds Co;C and Ni;C, which are prob- 
ably isomorphous with Fe;C. The stability of these carbides 
decreases in the direction from Fe towards Ni. 

If we proceed to the nitrogen compounds the sodium- 
chloride structure occurs not only in ScN, TiN and VN but it 
is encountered also in CrN, because of the nitrogen atom being 
smaller than the carbon atom. According to Ragnar Blix 
chromium together with nitrogen also forms a close-packed, 
hexagonal phase, the homogeneity range of which is situated 
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Powder photograms of chromium-nitrogen alloys. Cr.-K. radiation. (Ragnar Blix.) 
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near a composition corresponding to the formula Cr.N (17). 
The series of powder photograms of chromium-nitrogen alloys 
obtained by Blix is reproduced in Fig. 3. The highest nitride 
of manganese which holds less than 40 atomic per cent. nitro- 
gen, has a pseudo-cubic face-centred tetragonal structure. 
This metal also forms a nitride with close-packed hexagonal 
lattice, the homogeneity range of which is situated at about 
33 atomic per cent. nitrogen, i.e. corresponding approximately 
to the composition of the formula Mn.N, besides also forming 
a Mn,N-phase with a face-centred cubic grouping of the metal 
atoms. The highest iron nitride is the orthorhombic pseudo- 
hexagonal Fe.N, whose metal atoms are arranged in a close- 
packed grouping; then follows a close-packed hexagonal phase, 
with a homogeneity range which embraces a few atomic per 
cent. Further, iron also forms a phase Fe,N which is analo- 
gous to the nitride Mn,N (14). Cobalt and nickel do not seem 
to form any nitride phases. 


TABLE 2. 


Survey of Carbides and Nitrides of the Elements belonging to the Scandium— 
Nickel Series. 


Sc »  H Vv Cr Mn. Fe Co Ni 
Atomic Radius in A. 1.51 1.45. 1.33. 8.97. 1.29. 1.26. 1.25. 1.24. 
Cr,C Mn,C 
Mn;C? Fe;C Co;C Ni;C 
Carbides..... CriCs | Mn;C; 
? ? V:C 
Cr;C2 
= | TH) VO 
MnN | FeN | _ m 
Nitrides. .... ? ? ? Cr:N | Mn2N Fe,N 
Mn;N2 


ScN | TiN | VN | CrN 


In Table 2 is given a survey of the carbide and nitride 
phases of the elements belonging to the scandium-nickel series, 
which contains also the values of the atomic radii of these 
metals as given by Hagg. As will be seen from this table, the 
binary systems formed by these transition elements in com- 
bination with carbon or nitrogen have already been fairly 
completely investigated. The alloys of scandium, titanium 
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and vanadium with low carbon and nitrogen contents however 
await X-ray analysis. It is very likely that they contain 
close-packed hexagonal phases, whose composition may 
correspond to formule of the type Sc.C and Sc.N. 

Quite recently a new report of Gunnar Hagg has been 
published describing an X-ray analysis of the systems Ti-H, 
Zr-H and Ta-H (18). As seen from the survey given in this 
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Schematic survey of the phases of the system Ti-H, Zr-H and TaH according to Gunnar Higg. 
The figures denote the arrangement of the metal atoms indicating: 1, face-centered cubic; 2, close- 
packed hexagonal; 3, body-centred cubic; 4, face-centred tetragonal, pseudo-cubic; 5, face-centred 
orthorhombic, approximately body-centred cubic. 


paper which is reproduced in Fig. 4, he has found a phase of 
close-packed hexagonal structure in each of these systems at a 
hydrogen concentration of about 33 atomic per cent. In the 
Ti-H system the homogeneity range of this phase has an 
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extension from O to exactly the said concentration but in the 
two others it embraces only a few atomic per cent. about the 
value mentioned. In the Zr-H system at higher temperature 
a phase Zr,H appears in which the metal atoms are arranged 
in a face-centred cubic lattice. In all these systems phases 
are also present containing about 50 atomic per cent. H, in 
which the metal atoms are arranged in the same way. In the 
Ti-H system the phase of the latter kind is homogeneous 
within the range 50-67 atomic per cent. H. In the Zr-H 
system a phase is present with a composition corresponding to 
ZrHe, which has a face-centred tetragonal pseudo-cubic struc- 


c 
ture (- 0.894). 


It seems close at hand to assume that the Ti-H and the 
Zr-H phases containing about 50 atomic per cent. H are struc- 
turally analogous to TiC and CrN, i.e. that their atomic 
grouping corresponds to that of sodium-chloride. If we 
assume this and also that the hydrogen and the metal atoms 
are in contact with each other, we arrive, however, at an 
unreasonably high value of the radius of the hydrogen atom, 
viz. at 0.7-0.8 A. instead of about 0.4 A., which might have 
been expected. According to Hagg, it is therefore highly 
improbable that the hydrogen atoms in these cases are situated 
in the biggest interstices between the metal atoms. It is more 
likely that they have their place in the next biggest ones, so 
that the structure of TiH and ZrH does not correspond to 
that of sodium-chloride (Fig. 5a) but instead to that of zinc- 
blende (Fig. 50). If TiH has a structure of this kind, the 
homogeneity range of this phase from 50 to 67 atomic per cent. 
is also easily explained. The zincblende represents only an 
intermediate stage in the successive filling up of the next 
biggest interstices of the close-packed cubic lattice. The 
complete structure of this kind corresponds to the atomic 
grouping of fluorite (Fig. 5c). 

It is natural to suppose also that in the phases in which 
the metal atoms are arranged in a close-packed hexagonal 
grouping the hydrogen atoms are situated in the next biggest 
interstices so that the phases which might be called Ti,H, 
Zr2H and Ta,H in fact have an incomplete wurtzite structure. 
Calculating the radius of the hydrogen atoms on the assump- 
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tion that there is contact between hydrogen and metal 
atoms Hagg has arrived at the figures given in Table 3, in 
which he has also included the values derived in the same way 
from the data of Pd.H and CuH established by J. D. Hana- 
walt (19) and H. Miiller and J. D. Bradley (20). 


TABLE 3. 
Atomic Radius of the Hydrogen Atoms in Hydrides of Transition Elements according 
‘to G. Hagg. F 
R,, in A, at 
System. 33 Atomic 50 Atomic 
Per Cent. H. Per Cent. H. 

(Se a eee ere tye ee ee 0.43 0.45 
RT ALE docs a vaeccir pened eeeue 0.46 0.48 
ME Ser eee en 0.40 0.45 
RES VA vo 4'o0 do kb ogee a Gey e aed wen 0.37 — 
CC tac cnt acvekvenadueehabedes — 0.45 


The figures in the table have been obtained under the 
assumption that in all these phases except in that of the 
tantalum-hydrogen system containing about 50 atomic per 
cent. hydrogen the hydrogen atoms are situated in the next 
biggest interstices. In the phase corresponding to the for- 
mula TaH the hydrogen atoms are supposed to be situated in 
the biggest holes of the lattice formed by the metal atoms. 

In another paper by Hagg (21)—also published quite 
recently—he has given a tabular survey of all the phases 
formed by a transition element in combination with hydrogen, 
nitrogen and carbon so far investigated by means of X-ray 
analysis which fulfill the condition for the formation of simple 
structures. His data are reproduced in Table 4. The sys- 
tems are here arranged according to the value of 7, which 
denotes the ratio of the radii of metalloid to metal atoms. 
When this value exceeds 0.59 the combinations give rise to 
complicated structures like those of Fe;C, Cr7C3; MnyC and 
similar carbides. The table has recently been completed by 
H. Arnfelt with Ta,C, LaC, and UC, (the former close-packed 
hexagonal, the two latter pseudo-cubic, face-centred tetrag- 
onal, c/a = 1.2). 

The structure types are denoted according to the codrdi- 
nation numbers and the symmetry of the atomic arrange- 
ment. ‘The first figure gives the codrdination number of the 
metal atoms, a means cubic or pseudo-cubic, ) hexagonal or 
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pseudo- hexagonal symmetry, and the last figure indicates the 
degree of codrdination between metalloid and metal atoms. 
It is of interest to note that the composition of the phases 
corresponds, or comes close, to formulz of the kinds M,X, 
M:X, MX and MXz, where M denotes the metal and X the 
metalloid. Most of the M.X substances are of the close- 


TABLE 4. 


Survey of the Interstitial Phases so far Investigated of Transition Elements in Combi- 
nation with Hydrogen, Carbon and Nitrogen. (G. Hdgg.) 


System. w MX, M2X. MX. MXz:. 
(gee 0.29 12a, 4 12b, 4 12a, 4 ThC; 
y Bee 0.32 — 12b, 4 8a, 4 ? 
(eee: 0.32 —_ 12b, 4 I2a, 4 12a, 4 
PUES ckcxveue 0.34 os 12a, 4 ? ? 
La 
= ee 0.42-0.43 ? ? ? LaC, 
Nd 
, ~ a 0.43 ? ? ? ThC; 
0 eee 0.45 ? ? I2a, 6 ? 
8 eee 0.47 ? ? 12a, 6 ? 
a eee 0.48 ? ? ? LaC, 
(| a 0.48 ? ? 12a, 6 ? 
Nb-N ...... 0.49 ? ? 12a, 6 ? 

» PERS 0.49 ? ? I2a, 6 ? 
, -  Seeeesee 0.51 —_ 12a, 6 ? ? 
PEE 5 ise 0.52 — I2a, 6 8b, 6 ? 
aS 0.53 ? ? I2a, 6 ? 
a nk Ks 0.53 ? ? 12a, 6 ? 
DMG eaves 0.53 ? ? I2a, 6 ? 
pe 0.53 ? 12b, 6 I2a, 6 ? 
Mn-N...... 0.55 I2a, 6 12b, 6 ? ? 
Wes sede 0.55 — 12b, 6 8b, 6 ? 
CE ca cnbas 0.56 — 12b, 6 12a, 6 ? 
OO Ae 0.56 — 12b, 6 ? ? 
a See 0.56 12a, 6 12b, 6 ? ? 
RO | 0.58 — 12b, 6 12a, 6 ? 


packed hexagonal type, and all the MX phases except WC 
and MoN which are of nickel-arsenide type have their metal 
atoms arranged in a face-centred cubic lattice. The most 
important in this connection is, however, that all the phases 
of these systems so far investigated are of a type which may be 
termed interstitial. In all cases the metal atoms are arranged 
in a very simple way, and the metalloid atoms are distributed 
in the interstices between them. When the latter are big 
enough they are situated in the biggest holes and when they 
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are too small to come into contact with all the surrounding 
metal atoms in these places they enter into the next biggest 
holes. 

M. v. Stackelberg (22) has recently communicated a re- 
port of an X-ray investigation of some carbides of the type 
MC, where M indicates one of the metals Ca, Sr, Ba, La, Ce, 
Pr, Nd or Th. He has found here that in all these kinds of 
crystals the metal atoms are arranged in a face-centred 
tetragonal lattice, the axial ratio of which differs slightly from 
1 (ThC;: 0.90; the others: 1.14 to 1.18). Pairs of carbon 
atoms are distributed in the biggest interstices of this lattice, 
so that structures of deformed sodium-chloride type, shown in 
Figs. 6a and b, ensue. Thus, it seems as if even these carbides 
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Crystal structure of dicarbides of transition elements according to M. von Stackelberg. 


of the transition elements, La, Ce, Pr, Nd and Th, possessing 
a high carbon content, would range amongst the above men- 
tioned simply built phases containing this kind of metals in 
combination with hydrogen, carbon and nitrogen.‘ 


‘It is a striking fact that only transition elements with the very largest 
atoms are able to form dicarbides, and dinitrides. This evidently stands in a good 
agreement with the fact mentioned above, and pointed out by Hagg, that the 
power of these metals to take up carbon and nitrogen increases with an increasing 
atom size. 
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A certain relationship between these carbides and those 
contained in elements with normally formed atoms is certainly 
to be seen in their isomorphy with CaC:, SrC; and BaC,. In 
the reaction with metalloids with small atoms the behaviour 
of the transition elements however differs widely from that of 
other metals, inasmuch as they form several different phases, 
provided their atoms be large enough as compared to those 
of the other member. These phases are all built up in a sim- 
ple way, and they are in many cases homogeneous within 
extended concentration intervals. Other hydrides, carbides 
and nitrides—as far as they have been subjected to investiga- 
tion—appear to be homogeneous only at a certain definite 
composition. As already mentioned, quite a special position 
amongst the metals must be assigned to the transition ele- 
ments also because of the fact that their reaction products with 
hydrogen, carbon and nitrogen are possessed of metallic prop- 
erties. The dicarbides investigated by von Stackelberg are 
no exceptions from this rule. As we know, CaC2, SrC, and 
BaC, consist of transparent crystals, while carbides of the 
rare earths, as corroborated by v. Stackelberg, are electrically 
well conducting, opaque, besides having the property of 
metallic lustre. Evidently, a wide and sharply defined 
diflerence exists in this respect between hydrides, borides, 
carbides and nitrides of the transition elements and the cor- 
responding combinations of other metals. 


ALLOYS OF TRANSITION ELEMENTS WITH ZINC, CADMIUM AND ALUMINIUM 


Among the copper, silver and gold alloy phases certain 
structure types have been found to recur frequently. 

Thus, several phases in this system have a body-centred 
cubic lattice, i.e. their atoms are grouped in the same way as 
those of vanadium, of chromium or of a-iron. The various 
kinds of atoms in these phases may occupy the lattice points 
in different ways according to the composition, i.e. so-called 
super-lattices of different kinds may be formed. The funda- 
mental lattice may however be considered as characteristic of 
crystals of this kind, and it has actually been found that all 
phases of the copper, silver, and gold alloys which have this 
structure occur at compositions making the ratio of the num- 
ber of valency electrons to the number of atoms about 3: 2 


(23, 24). 
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In some cases, when according to this rule one might have 
expected to find a phase with the simple structure mentioned, 
another structure type, with the complicated atomic arrange- 
ment of 8-manganese, was encountered instead. Just as 
manganese differs from its neighbouring elements of the 
periodic system (V, Cr and a-Fe) in respect to crystal struc- 
ture, phases like Ag;Al, Au;Al and Cu;Si also form exceptions 
from the general rule. In spite of the ratio of the number of 
valency electrons to the number of atoms in these three cases 
being 3:2, the atoms are not arranged in the same way as in 
the B-phases of the copper-aluminium and the copper-tin 
systems (Cu;Al and Cu;Sn) but arrange themselves—without 
forming any ,super-structure—in the same manner as the 
atoms in 6-manganese (25). 

Another important group of structurally analogous phases 
of the copper, silver- and gold-alloys are the so-called y-phases 
which have a structure of the same kind as y-brass (cubic with 
52 atoms in the elementary cube). So far, they have been 
encountered in all combinations of these metals with zinc, 
cadmium and mercury with the exception of those of gold 
and mercury and they have also been found in the systems 
copper-aluminium and copper-tin. A certain concentration 
of the valency electrons seems to be necessary for bringing 
about the atomic grouping of the y-type too (24-26). The 
homogeneity ranges of practically all phases of this kind—the 
single and somewhat doubtful exception being y-Cu-Hg (27)— 
includes concentration values which correspond to formulze 
of the types CusZng, CugAl, and Cug:Sng. As we see, they all 
coincide with the ratio of 21 valency electrons to 13 atoms. 

Besides the two groups of the §- and the y-phases, also 
other kinds of structures recur in the copper-, silver- and gold- 
alloys. As an example we would cite the compounds AuZns, 
AuCd; and Cu,Si, recently investigated, which all have the 
same structure which is pseudo-cubic hexagonal, and also 
the numerous phases with a close-packed hexagonal structure. 
The structure types of the B- and the y-brass however in this 
connection present the greatest interest as they are represented 
also in alloys of transition elements together with metals such 
as zinc, cadmium and aluminium. Thus, FeAl, CoAl and 
NiAl belong to the B-type. They all have the same structure 
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as 8-brass. It is possible that even MnAl may be included 
in this group: at least—as found by Elis Persson—a phase 
(Mn, Cu)Al occurs in the manganese-copper-aluminium alloys 
in which the manganese and copper atoms in a statistical dis- 
tribution together form a simple cubic lattice while the alum- 
inium atoms occupy the points of the centering cubic lattice 
(28). 

Osawa and Ogawa have found a phase of the y-type in the 
iron-zinc system; they consider its formula to be Fe3Znjo (29). 
Walter Ekman has recently corroborated that this phase 
actually does have y-structure (30). He thereby also discov- 
ered, however, that its homogeneity range at ordinary temper- 
ature extends from about 77 atomic per cent. Zp (Fes3Znjo) to 
81 atomic per cent. Zn (Fe;Zn2,). This phase may therefore 
be indicated as Fe;Znq: just as likely as Fe3Znypo. 

A closer consideration of the formule FeAl, CoAl and 
NiAl of the 8-phases as well as FesZnz; of the y-phase at once 
makes clear that the above mentioned rule of formation ap- 
plies also for this kind of crystals only if the metals iron,cobalt 
and nickel may be viewed as having a valency of zero. 

This may appear as a fairly bold assumption; its correct- 
ness has however been confirmed by the fact that Ekman in 
agreement with the rule mentioned succeeded in producing 
an entire series of alloys with y-structure. For this purpose he 
melted transition elements together with zinc and cadmium 
in proportions according to the formula M;Zng and MsCdz:. 
The X-ray investigation of his products gave as a result 
that the following had y-structure: Co-Zn, Ni-Zn, Rh-Zn, 
Pd-Zn, Pt-Zn and Ni-Cd. Some photograms of them are 
given in Fig. 7, in which a comparison is made with the X-ray 
patterns of the corresponding copper-zinc, copper-aluminium 
and copper-tin phases. The concord of these photograms is 
striking (31). 

In spite of Ekman’s investigation of the systems mentioned 
only having been an orientating one, he has however succeeded 
in finding a substance which is of further interest for the pres- 
ent problem. As a matter of fact, he struck upon a phase in 
the cobalt-zinc system which has $-manganese structure, 
and which must consequently be referred to the same group 
as the earlier encountered Ag;Al, Au;Al and Cu,Si. It ap- 
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pears to have a composition corresponding to the formula 
CoZn; and, under the presumption of the valency zero for 
cobalt, the ratio of the number of valency electrons to the 
number of atoms comes out as 3:2, just as in the cases men- 
tioned above. 

The relation between the atomic grouping in the alloys 
and the average number of valency electrons per atom seem to 
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Powder photograms of alloys with y-brass structure. Fe-K radiation. 


indicate that the stability of the crystal structure is in first 
line dependent on the presence of a number of electrons in the 
crystal which do not belong to any individual atom but which 
belong to the lattice as a whole. The character of the re- 
maining part of the atoms appears mainly to be of conse- 
quence for the formation of super-structure. 

The fact that the transition elements seem to have a 
valency of zero in the alloys which are structurally analogous 
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with 8- and y-brass as well as 6-manganese implies that in 
these substances they do not contribute to the common 
electron group in the lattice. A feature which probably 
stands in a certain relation to this is the very marked contrac- 
tion which accompanies the formation of these alloys. Thus, 
the formation of CoAl and NiAI, for instance, is accompanied 
by a decrease in volume of the reacting system of no less than 
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about 16 per cent. (32). As seen in Fig. 8 the average volume 
per atom of the nickel-aluminium system differs much more 
from that calculated under assumption of additivity than the 
corresponding quantity of the copper-aluminium and silver- 
aluminium alloys. As pointed out by Ekman, the y-phases 
investigated by him are also formed under a contraction of the 
reacting system which is quite remarkable. This phenom- 
enon may be explained by the assumption that some of the 
atoms in these cases keep their electrons more firmly bound 
than usual. If that is the case, it appears reasonable that 
they should also occupy less room than usual. 
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SURVEY AND DISCUSSION. 


It is evident from the preceding that the divergence be- 
tween the transition elements and other metals manifests 
itself in no less than three different ways in their metallic 
reaction products. 

1. The transition elements alone are able to form phases 
with nickel-arsenide structure (V. M. Goldschmidt). 

2. When the transition elements combine with hydrogen, 
boron, carbon or nitrogen they give rise to reaction products 
with metallic properties, which is not the case with other ele- 
ments. Provided the atoms of the transition element in a 
phase of this kind are sufficiently big in relation to those of 
the metalloid the ensuing structure is of a simple kind, and of 
a type that may be termed interstitial (G. Hagg). 

3. In combination with zinc, cadmium or aluminium at 
certain proportions the transition elements give rise to phases 
having the same structure as B- or y-brass. When this hap- 
pens the relation of the number of valency electrons to the 
number of atoms in the lattice is the same as that found to be 
characteristic of the 8- or y-brass phases of the copper-, silver- 
or gold-alloys, provided the transition elements in these com- 
binations may be considered to have a valency of zero. 

We may be entitled to assume that certain relations exist 
between these phenomenon complexes. Thus, it is striking 
that the most simple rules are found to apply on the one side 
when the transition elements are alloyed with elements with 
large atoms and on the other hand when they unite with 
metalloids, the atoms of which are very small. It is very 
probable that the reaction conditions in these two cases stand 
in a certain connection to each other. Specially if the simple 
hexagonal lattice of the metal atoms in some carbides and 
nitrides belong to the crystal structure of the nickel-arsenide 
type, the analogy in structure of the products may be taken as 
a proof that the interchange of atoms belonging to transition 
elements may be the same both with the sacgeat atoms and 
with the smallest ones. 

Thus, even if a certain connection may be traced between 
the various groups of the experimental results described they 
however appear at the same time to stand in a certain opposi- 
tion to each other. Thus, V. M. Goldschmidt holds that the 
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formation of nickel-arsenide structure does not depend only 
on the fact that the large atoms are easily polarized but that 
it may also be referred to the fact that the transition elements 
give off electrons only with difficulty. The circumstance that 
they appear as zero-valent when alloyed with aluminium, 
zinc and cadmium seems to corroborate the correctness of this 
assumption. Contrary to this, however, stands the fact that 
phases with nickel-arsenide structure occur even in alloys 
with copper and gold, which metals have the character of 
transition elements only in the ionic state. 

The only conclusion we can make is consequently that 
the present experimental results are too incomplete to furnish 
a coherent idea regarding the conditions prevailing on the 
scope in question. We may however hope that this will be 
possible later on, when more experimental data have been 
compiled. 
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CURRENT TOPICS. 


‘ Plaskon,”? A New Synthetic Resin.—A novel heat-reactive 
molding compound is now being produced commercially. This new 
ureabase compound, called ‘“ Plaskon,’’ was evolved at Mellon 
Institute under a series of Industrial Fellowships sustained by the 
Toledo Scale Company. 

“Plaskon” molding compound is said to be easily preformed, 
and it is pointed out that this property, in conjunction with the high 
speed of cure, makes possible rapid low-cost mass fabrication by the 
molder. 

Fabricated ‘‘Plaskon”’ is described as unexcelled in color pos- 
sibilities, combining bright colors with a hard, lustrous surface. Its 
base shade is one of neutral translucency, permitting pigmenting to 
give all colors of any intensity, either opaque or translucent. Ob- 
viously, as indicated in the publication, infinite variations in mottled 
or striated effects are possible. 

The mechanical and electrical properties of ‘‘Plaskon”’ are said 
to be excellent; they are summarized in the following table, which 
has been taken from a research report recently published by Mellon 
Institute of Industrial Research: 


PROPERTIES OF FABRICATED “ PLASKON.” 


I Fi oii k va asaccatansemneen 1.43- 
Modulus of rupture 10,000 to 14,000 Ibs./sq. in. 
Tensile strength 4,000 to 6,000 Ibs./sq. in. 
Compressive strength 25,000 to 30,000 lbs./sq. in. 
Impact strength (Sharpe)................ 0.7 to 1.2 ft. lbs. 
Dielectric constant (25°C.).......... 5 to 6. 
Dielectric strength (puncture) 300 to 400 volts per mil. 
Water absorption (20° C.; 1/8’’ section)... .0.07 to 0.66 per cent. in 24 hrs. 
Resistance to solvents Unaffected by alcohol, acetone, oil, or 
other common solvents. 
Moderately resistant to cold dilute 
acids. Not resistant to hot or 
concentrated acids. 
. .Quite resistant to cold dilute alkalies. 
Also resists hot, very dilute alka- 
lies, such as soap, borax, cleaners 
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Resistance to alkalies................ 


etc. 
Hardness (Mohr scale).................. 3.0 to 3.5. 
Hardness (scleroscope).................. 80 to 95. 


Workability 


‘‘Plaskon”’ can be machined, bored, 
resurfaced, and polished. 


METHODS OF HIGH TEMPERATURE TREATMENT. 


BY 


PAUL P. CIOFFI, A.M., 


Bell Telephone Laboratories, 
New York. 


INTRODUCTION, 


The object of this paper is to describe methods which have 
been developed in this laboratory for treating metals, chiefly 
iron and its alloys, at all temperatures up to about 1700° C., 
considerably above the melting point of iron, and in any at- 
mosphere ranging in pressure from 10~* mm. of mercury to 20 
or more atmospheres. The methods of heating, and the forms 
of the materials heated fall into three rather well-defined 
groups: (1) Long wires and tapes heated to any temperature 
up to a few degrees below the melting point by passing cur- 
rents through them in the presence of a gas (a) under a pres- 
sure of one atmosphere or less, or () under a pressure up to 
20 atmospheres. (2) Toroids heated by induction in a gas 
atmosphere, with the gas pressure ranging from 10-* mm. to 
one atmosphere. (3) Any shape of specimen heated up to 
about 1700° C. in a molybdenum wound furnace in a gas 
pressure ranging from 10~* mm. to 20 atmospheres. 

In investigations dealing with the effect of heat treatment 
on the properties of materials, the temperature range covered, 
often limited by the lack of suitable facilities, is apt to obscure 
important or interesting effects produced by heat treatments 
at high temperatures. The new high values of the magnetic 
permeability of iron recently reported | were made possible 
by employing the methods here described; in fact these 
methods were all developed in connection with the investiga- 
tion of the magnetic properties of materials as dependent 
upon temperature and time of heat treatment and rate of 
cooling in any atmosphere. These methods are also appli- 
cable to other metals which can be shaped into long wires or 
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tapes or toroids. When short time heat treatments or rapid 
rates of cooling through certain temperature ranges are de- 
sired, the direct heating of straight wires or tapes in any at- 
mosphere by means of a longitudinal current has been found 
especially advantageous. When heat treatments are to be 
conducted in very carefully controlled atmospheres or in a 
high vacuum, the inductive heating of toroidal specimens in 
glass containers is the most desirable method because by this 
means it is possible to avoid contamination by foreign sub- 
stances. Heating of the container is avoided by water cooling. 
For heat treatments on a larger scale where exceedingly care- 
ful control is not particularly necessary it has been found 
advantageous to use a specially constructed molybdenum 
wound furnace requiring very little attention in operation 
over long periods of time. An advantage of this method is 
that it can be used for heat treating irregularly shaped speci- 
mens. 
SPECIMENS. 

The desired chemical composition of the material, if not 
directly procurable, was effected by making melts in an Ajax- 
Northrup high frequency induction furnace. The metal was 
then cast into rods or plates suitable for working into speci- 
mens of the desired shape. The long wire or tape has been 
found particularly suited for determinations of the effect of 
time and temperature of heat treatment, chemical composi- 
tion and mechanical operations on the physical properties of 
metals, because it lends itself readily to both treatment and 
physical measurement. On the other hand the toroidal speci- 
men has been found better adapted for determining the effects 
of various processes on the magnetic properties of magnetic 
materials because of its freedom from error in magnetic 
measurements. However, both types of specimens have been 
advantageously used in this laboratory, the choice-depending 
upon the nature of the problem. Wire specimens, 60 cm. 
long, have been used in various diameters ranging from 0.2 
mm. to 3 mm., while tape specimens of the same length and 
3 mm. wide have been used in various thickness ranging from 
0.05 mm. to 1 mm. The toroidal specimens used have an 
axial height of 6 mm., an outside diameter of 2.85 cm. and an 
inside diameter ranging from 2.35 cm. to 2.80 cm. 
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DIRECT HEATING OF WIRE AND TAPE SPECIMENS IN GASES AT PRESSURES 
OF ONE ATMOSPHERE OR LESS. 

The heating chamber, shown in Fig. 1, consists of a pyrex 
glass tube approximately 5 cm. inside diameter and 90 cm. long, 
held vertically. A tungsten electrode sealed in the lower 
closed end makes contact with a pool of mercury filling about 
3 cm. of the tube. The upper end of the glass cylinder is 
flared to receive a rubber stopper through the center of which 
passes a copper tube. One end of the specimen is suspended 
from a clip fastened to the lower end of the copper tube and 
the other end dips into the mercury pool. The mercury con- 
tact below permits a quick and flexible connection, allowing 
the specimen to expand and contract freely without the danger 
of overstrain. The copper tube is the upper electrode for 
conducting the heating current to the specimen. Copper 
flanges soldered to the copper tube below the rubber stopper 
serve to reduce the quantity of heat conducted and radiateP 
to it. The heat treatment may be carried out in any atmos- 
phere by introducing the gas through the copper tube and 
allowing it to escape through a tube sealed to the cylinder at a 
point slightly above the mercury level. The pressure may be 
adjusted to any point below atmospheric by connecting the 
exhaust tube to a vacuum pump and controlling the inflow 
of gas by means of a valve. The pressure is read with a mer- 
cury manometer. To prevent disastrous results, should the 
specimen part when operating too close to the fusion point of 
the metal, a second glass cylinder of smaller diameter is 
placed inside the first, resting on the rounded end of the con- 
tainer below the mercury level. The upper end is flared to 
the inside diameter of the container for centering. A hole in 
the inside cylinder wall, just above the mercury level, per- 
mits a free circulation of gas. 

The specimen is connected in series with an ammeter 
directly to the low side of a 4:1 step-down transformer. The 
high side of the transformer is connected through a control 
resistance and switch to a 220 volt alternating current source. 
The temperature control is effected by changing the primary 
current. 

Temperatures have been measured with a thermocouple 
and optical pyrometer. The thermocouple, of 2 mil wires of 
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Pt, Pt—-Rh 10 per cent., is welded to the center of the specimen, 
the leads being carried out through the top of the glass cylinder 
along the side of the rubber stopper. A thermocouple of 
such small size was found to produce no appreciable cooling 
of the specimen at the point of contact. Since the thermal 
e.m.f. is read on a potentiometer, the stray alternating cur- 
rent in the thermocouple circuit arising from the potential 
drop across the point of contact produces no effect on the 
galvanometer. It is impractical, of course, to weld a thermo- 
couple to each specimen used, but for similar specimens 
it is only necessary to apply the current-temperature relation 
determined for one specimen, checking with an optical pyrom- 
eter. 

When proper corrections have been made for emissivity 
and window absorption, the temperatures may be measured 
accurately by means of an optical pyrometer. The advantage 
of this method is that the temperature may be measured 
directly for each specimen. However, with temperatures 
above 1000° C. excessive evaporation of metal to the surface of 
the glass container makes further visual observation impossi- 
ble, unless special precautions are taken to avoid the formation 
of the film at the point of observation. A method of over- 
coming this difficulty will be described in a later section deal- 
ing with the heat treatment of toroidal specimens. 

In specimens which have allotropic transformations, such 
as iron, for instance, at least two points, the a~y and the y-é 
transformation points may be readily fixed by observing the 
violent writhing and wriggling which wire and tape specimens 
undergo in passing through these temperature regions. 


DIRECT HEATING OF WIRE AND TAPE SPECIMENS IN GASES AT PRESSURES 
GREATER THAN ONE ATMOSPHERE. 

For heat treatments in gases at pressures higher than one 
atmosphere, the pyrex glass cylinder described is inadequate 
and instead a steel cylinder has been used. The cylinder, 
shown in Fig. 2, is a water-jacketed Shelby steel tube 7.5 cm. 
outside diameter and 6.25 cm. inside diameter capped at both 
ends, using copper-asbestos gaskets. The tapered end of one 
electrode, for electrical connection to the upper end of the 
specimen, passes through a larger and similarly tapered hole 
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in the cap, the space in between being filled with litharge and 
glycerine cement. The electrode is bolted in place, befor 
allowing the cement to set, using several layers of mica washers 
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Steel furnace for direct heating of wire or tape specimens in gases at pressures greater than on¢ 
atmosphere. 


on both sides of the cap for insulation. A set-screw near the 
lower end of the electrode holds the specimen in position. 
The upper cap also carries a coupling for connecting to a 
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source of gas supply. The circulating gas passes out through 
a steel pipe fitted in one side of the lower cap. The mercury 
for making flexible connection to the lower end of the speci- 
men, is contained in a steel cup resting on the lower end of the 
cylinder. To ensure that electrical contact is made in the 
mercury pool and not against the sides of the cup, a thick 
steel wire carrying four lighter horizontal guide wires terminat- 
ing in glass beads is coupled to the lower end of the specimen. 
The tension exerted by the coupling on the specimen is com- 
pensated for by the buoyancy of the mercury when the steel 
wire sinks into it during the expansion of the specimen. Vio- 
lent gas currents, circulating between the hot specimen and 
the cold cylinder, tending to produce a temperature gradient 
along the specimen, are avoided by surrounding it with a 
pyrex glass tube, the lower end of which rests in the mercury 
cup above the mercury level. On the flat upper end of the 
glass tube rests the flange of a small steel tube fitting within 
the glass cylinder. This flange, being of the same diameter 
as the steel cylinder, prevents the hot gas surrounding the 
specimen from reaching the cold cylinder walls. Further- 
more, excessive cooling of the glass tube is prevented by sur- 
rounding it with an alundum shield slightly smaller than the 
steel cylinder. The alundum tube rests on the upper end of 
the mercury cup and is centered by two thin brass collars 
fitting snugly to the inside of the steel cylinder. The dead 
space between the alundum tube and the steel container keeps 
the gas surrounding the glass cylinder from coming in contact 
with the cold steel walls. Experiments show that with this 
arrangement the film of metallic vapor condensed on the glass 
tube is of uniform density over its entire length, justifying the 
conclusion that the specimen is uniformly heated. 

The gas supply from a high pressure cylinder is reduced to 
the desired pressure by means of reducing valves, and con- 
ducted to the heat treating chamber through 3 mm. Shelby 
steel tubing and a purifying train contained in heavy steel. 
By controlling the flow at the outlet and inlet valves, the pres- 
sure may easily be maintained at any desired value. 

The temperature control is the same as that already de- 
scribed. Temperature measurements are made by means of 
an optical pyrometer looking through a 6 mm. diameter plate 
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glass window, 6mm. thick, clamped and sealed at the end of a 
thick steel tube fitted to the middle of the steel chamber and 
passing through the water jacket. 


INDUCTIVE HEATING OF TOROIDAL SPECIMENS. 


For heat treatments in high vacuum or carefully controlled 
atmospheres, it is necessary to avoid contamination from 
gases which may be evolved from hot bodies within the heat- 
ing chamber. ‘This object has been achieved by inductively 
heating a toroidal specimen in a water-jacketed glass vessel 
connected either to the source of gas or to a high vacuum 
pump, as shown in Fig. 3. The specimen is contained in a 
pyrex glass bulb 7 cm. long and 5 cm. inside diameter. It is 
suspended from a thin, glass tripod resting on the constriction 
in the neck of the containing glass vessel, by means of three 
filaments, 0.1 mm. thick, made of the same material as the 
specimen. Temperature observations are made through a 
flat window fused to the end of a tube sealed obliquely to the 
neck of the bulb. Blackening of the window by metal 
evaporated from the specimen is prevented by interposing 
between the two a thin, soft iron sheet, acting as a shutter, 
partly extending into a flattened, vertical tube sealed to the 
oblique tube. The shutter is opened by energizing a solenoid 
around the vertical tube. Water-jacketing prevents the 
evolution of gas from the walls of the glassware heated by 
radiation. Water is admitted into the jacket from below and 
carried off at the top through a tube connected to a water 
aspirator. 

For heat treatments in high vacuum the neck of the bulb 
is connected to a steel, 4-stage, Gaede, mercury diffusion pump 
through a liquid air trap, and glass-copper seal. The copper 
end of the glass-copper seal is soldered to a steel coupling which 
threads to the high vacuum end of the mercury diffusion 
pump, the threaded joint being sealed with mercury. The 
connecting glass tubing is of 3.8 cm. bore and is made as short 
as possible. Before surrounding the specimen bulb with the 
water jacket, the glassware is baked to almost the softening 
point as far back as the liquid air trap. 

The source of high frequency alternating current is a 
portable vacuum tube oscillator of one kilowatt capacity, 
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energizing a coil of a dozen turns situated on the outside of 
the water jacket. The temperature of the specimen, read by 
means of an optical pyrometer, is controlled by changing the 
high frequency alternating current through the coupling coil 
by varying the plate voltage of the vacuum tube oscillator. 
Fine adjustments are made either by changing the degree of 
coupling between the coil and specimen or by changing the 
supply voltage. It has been possible in this way to heat-treat 
magnetic specimens in a vacuum as low as 107° mm. (read on 
an ionization manometer, shown in Fig. 3), at temperatures 
between 1200°C. and 1500°C. for periods as long as 100 
hours. Experiments are now under way for melting metals 
under similar conditions. 

The same arrangement has been used to heat-treat metals 
in controlled atmospheres at pressures up to one atmosphere. 
The procedure is to admit the gas at a point near the specimen, 
the desired pressure being maintained by means of the vacuum 
pumps and an adjustment of the gas inlet valve. For atmos- 
pheric pressure the gas is simply allowed to escape at a point 
somewhat removed from the specimen without operating the 
pumps. Besides the ionization gauge, a mercury manometer 
is provided to read pressures up to one atmosphere. 


FURNACE TREATMENT. 


The methods already described have been found useful 
not only for preliminary investigations but also where practi- 
cally ideal conditions were to prevail. Such experiments have 
since justified the construction of a furnace not only for carry- 
ing on experiments on a larger scale, but also for heat treating 
irregularly shaped specimens. This furnace, consisting of a 
heating element in a heavy walled steel chamber, has been 
designed for temperatures up to about 1700° C. and for pres- 
sures ranging from vacuum to several atmospheres. A sketch 
is shown in Fig. 4. 

The heating element is contained in a flanged, water- 
jacketed, Shelby steel tube 10 cm. inside diameter and 14 cm. 
outside diameter capable of withstanding the pressure de- 
veloped by the ignition of an explosive mixture of oxygen and 
hydrogen at an initial pressure of 3 atmospheres. Steel heads, 
also water-cooled, bolt to the flanges, so that circular knife 
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ridges protruding from the surface of the heads and flanges, 
sink into the lead gasket between them, ensuring gas-tight 
joints. A small, thick, plate glass window in one of the heads 
serves for visual observations and temperature measurements 
by means of an optical pyrometer. The electrodes, for 
making electrical connection to the heating element, are cop- 
per rods threaded into isolantite insulators which also thread 
into steel plugs fitted to opposite ends of the furnace chamber 


FIG. 4. 
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Molybdenum resistance area Boe ee y= oi pr ny steel container for heat treating 
beyond the water jacket. Valves for controlling the gas 
flow through the furnace are also situated at opposite ends of 
the furnace. As a precaution against leaks all threaded con- 
nections are sealed with litharge and glycerine cement. 

The heater consists of a threaded alundum tube 5 cm. 
inside diameter and 90 cm. long wound with two 1.5 mm. 
diameter molybdenum wires in parallel (0.65 cm. pitch) over 
60 cm. of its length. The unthreaded portion of the alundum 
core at each end is covered with a molybdenum sleeve 0.5 mm. 
thick and 2.5 cm. long to which is bound a molybdenum rod 
5 mm. in diameter. Each end of the winding is fastened to a 
rod by passing the two parallel strands through separate holes 
in the nearest end of the rod and then twisting them together. 
The alundum core makes a snug fit into a slightly shorter 
alundum shield, and the two are centrally supported within 
a thin steel cylinder by the bare protruding ends of the inner 
core which rest in openings in ends affixed to this cylinder. 
The current terminals are insulated with silica tubing and 
project beyond the ends of this same thin steel cylinder. The 
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space between it and the alundum shield is packed with 600 
mesh alundum for heat insulation. This assembly makes a 
snug fit into the heavy steel container already described, the 
current terminals being connected by means of copper braid- 
ing to the heavy copper electrodes at the ends of the furnace 
chamber. 

Temperature control is effected by means of a voltage 
regulator, consisting of a variable ratio autotransformer for 
varying the supply voltage from 2.2 to 220 volts in steps of 
2.2 volts. 

For treatments in various atmospheres, the gas supply is 
similar to that already described. For vacuum treatments, 
the powdered alundum packing in the heating element is 
ordinarily omitted. The metal inlet valve is replaced with a 
glass stopcock connected with high pressure rubber hose. 
The exhaust valve and coupling are replaced with a glass- 
copper joint of large diameter. The latter is connected to a 
liquid air trap beyond which is the 4-stage mercury diffusion 
pump. 

The methods of heat treatment here described have been 
developed particularly for heat treating iron in vacuum and in 
hydrogen, and have operated satisfactorily over a period of 
years. 

I wish to express my indebtedness to Mr. H. W. Weinhart 
of these Laboratories for important contributions to the de- 
sign of apparatus here described. 


PSYCHO-TECHNICAL DETERMINATION OF THE ECO- 
NOMICAL OPTIMUM IN THE ILLUMINATION 
OF TEXTILE MILLS. 


BY 
DR.-ING. N. GOLDSTERN AND DR.-ING. F. PUTNOKY. 
TRANSLATED BY 


ALFRED A. WOHLAUER, 


Osram, G.m.b.H. Kommanditgesellschaft, Berlin. 


The influence of improved illumination upon the efficiency 
of human labor and industrial productivity and the economy 
effected thereby in the cost of production has been definitely 
established. It yet remains to determine the most favorable 
illumination or the economical optimum pertaining to different 
classes of industrial activity. 

For this reason a board was formed in Germany about 2 


years ago, jointly by the Department of Psycho-Technics 
(Technical College Berlin) and the Department of “ Licht- 
wirtschaft’’ of the Osram-Co. Berlin, to carry out a series of 
experiments to accomplish this purpose. 

As a first start the textile industry was selected for study 
and a procedure was decided upon to find by laboratory ex- 
perimentation the best means of raising the productivity in 
textile work and consequently to check the resulting methods 
as to their practical value by applying them to factory work 
under actual operating conditions. 

Preparatory to this work a number of factories were visited 
in order to get an insight into the existing working conditions 
and to analyse the work of the weavers with regard to the 
sential aspects in illumination. It thus was found that the 
chief components in the work of the weavers involve the recog- 
nition of the threads and their defects and that therefore the 
main factors in illumination would be (of course, aside from 
glare) the degree of brightness (illumination), contrast, and 
umbrageousness. 

Consequently, a working model was devised in order to 

613 


614 N. GOLDSTERN AND F. PutNoky. [J. F.1 


analyse by laboratory experiments the various steps of the 
weavers under different conditions of illumination and to 
arrive at an idea of the influence brightness, contrast, and 
umbrageousness exert upon the perceptibility of the threads 
and their defects. The experiments were carried out during 
the time from 9 A.M. to 6 P.M. by students and other technica! 
men, the suitability of whom was established by acuity tests. 
All necessary precautions were taken to eliminate any errors 
due to fatigue or excessive temperature changes. 
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Laboratory set-up. 


Ci black curtain. 
Dy black lids. 
Cz: and D2 white surface. 


As shown in Fig. 1 the laboratory set-up consisted of 2 
chambers (used alternately), each raat a partition in the 
center with a square hole of about 4” x 4” for the reception of 
the working model. The partition Pees necessary in order to 
illuminate the model and background independently of each 
other. With this set-up it was possible to vary the brightness, 
contrast, and umbrageousness within wide margins. The 
brightness was changed in a geometrical progression within the 
range of 0.01 ...100 ml. The backgrounds could be 
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changed from black (coefficient of reflexion 3.3 per cent. into 
white (79.5 per cent.) by reversing the lids C, and D, to C, and 
D.. The diffused illumination of this background was pro- 
duced by 2 reflectors arranged vertically above each other and 
the intensity of illumination was changed by using lamps of 
different sizes therein. This arrangement was chosen, par- 
ticularly the oblique lids D, and D2, in order to obtain a uni- 
form illumination for binocular vision within a minimum of 
space. As photometer the Macbeth I!luminometer was used. 

The space in front of the partition representing the work 
room was equipped for 3 methods of illumination of different 
intensities. ‘‘Normal’’ illumination meaning the illumina- 
tion that is usually employed in textile mills was furnished by 
2 enamel bowl reflectors which were equipped successively 
with lamps of different sizes. The indirect illumination was 
furnished by a horizontal board suspended from the ceiling 
and lined on the upper side with bare lamps. The third type 
of illumination which was to serve the purpose of testing the 
influence of the umbrageousness by casting shadows on the 
threads of the working model, was produced by a single lamp 
within a box having a narrow slot, c, thus acting like a point 
source of light. The intensity of illumination of all 3 classes 
could be regulated so as to furnish the same steps of brightness 
on the working model as on the background. 

The working model taking the place of the loom, consisted 
of a wooden frame over which threads of raw cotton were 
wound in one uniform layer. The diameter of the threads 
was measured microscopically and found to average 0.071”, 
the distance between the threads being of the same order. 
The actual testing area placed in front of the opening of the 
partition measured about 3” x 4” and contained 300 threads 
marked off by paper marks as illustrated in Fig. 2. 

The experiments were carried out in such a manner that 
each observer seated himself in front of the working model and 
chose his own most favorable distance therefrom, looking 
straight at right angle at the threads. For each experiment 
he was allowed 5 minutes for adaptation to the brightness of 
the working plane. He had the task to count the 300 threads 
as quickly as possible, calling out ‘‘10’’ every time 10 threads 
had been counted. Each call was recorded with the aid of a 
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stop watch and when 300 threads were counted, the total time 
of counting was taken and recorded also. If this total time 
did not agree with the multiple of calls within a range of + 30 
threads, the experiment was repeated. But such inexactness 


FIG. 2. 


Contrast 100 : I. 

One sample of working model. 
was seldom found, except at the lowest intensity of illumina- 
tion. On the other hand some of the observers acquired a 
certain training in counting, for instance by taking 2 and 
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even up to 4 threads together instead of counting each sep- 
arately. In order to eliminate the influence of such practice 
which might obscure the results, the sequence of the individual 
tests at different illumination intensities was changed or else 
the cyclic rotation of the variations was reversed. In any 
event, the total time of counting was checked carefully against 
the time of the individual counts of 10 threads and a correction 
was applied eventually, if necessary. 

The results of the 15 observers were averaged and divided 
by the number of threads, thus getting the number of threads 
per minute, as a measure of the productivity. The values 
were plotted for different contrasts against the brightness 
values as abscissz, the latter on a logarithmic scale as shown 
in Fig. 3. It should be noted that the brightness values of 
the curves are always the higher values of the contrast relation; 


FIG. 3. 
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that means, for instance, for the proportion of 1:10 they cor- 
respond to the brightness of the background and for the con- 
trast of 10:1 they refer to the brightness of the threads. The 
curves show that the productivity increases with the bright- 
ness and the contrasts, although the increase is more rapid 
for the lower brightnesses and slows down in its increase for 
brightnesses above 1 ml. 

In the above set of experiments the illumination was the 
“normal” of just 2 direct lighting units over the working 
plane. In a second set of experiments the influence of the 
“‘umbrageousness”” was determined by taking similar tests 
as the above for three different methods of illumination. 
Aside from the normal illumination just described the indirect 
method and the shadow casting illuminations were used and in 
each case the 3 contrasts I: I, 1: 10 and 10: 1 were kept constant. 
A higher contrast was not considered necessary as not within 
the realm of practical application. The results show as in 
Fig. 4 that at a contrast of 1:10 the conditions are by far the 
best, and improve also with increased illumination. 
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A further series of experiments was then made to determine 
the influence of the thickness of the threads as well as that of 
the distance between them or in other words the influence of 
the coarseness of the woven material. It developed, as was 
to be expected, that for heavier threads and greater interspaces 
the productivity was increased, but not in a straight propor- 
tion thereto. In the beginning with the thinner dimensions, 
the improvement was more rapid and became almost constant 
for the coarsest material. As far as the samples of the work- 
ing models are concerned, they were, of course, similar to the 
first one, but had to be larger in order to accommodate 300 
threads for the various thicknesses. 

The last series of laboratory experiments concerned the 
perceptibility of defects under various degrees of illumination 
and contrasts. For this purpose it was necessary to have a 
special set of devices in order to determine and automatically 
to control the time of exposure of the working model to the 
eye of the observers, and in order also to calibrate the auto- 
matic devices against a sensitive chronoscope. It was found 
by experiments with a specially constructed tachistoscope 
that the exposure of half a second was as satisfactory value for 
the experiments and the shutter built for this purpose was 
adjusted so as to expose the working model and close it again 
about within that period. The exact times were checked 
on the chronoscope and it was found that the average time of 
exposure of the centre point of the working model amounted 
to 0.4726 second and the total time of exposure of any part of 
the model until its complete shutting lasted 0.580 second. 
Furthermore it was necessary, in order to give the eye of the 
observer a chance for adaptation, to provide a second model 
of equal brightness as used in the test, since the working 
model was only in front of the eye when exposed. This 
duplicate model can be seen in Fig. 5 by referring to the 
square C at the right side of the semicircular shutter. 

In carrying out the experiments the observer had to look 
at the auxiliary model for about 5 minutes until his eye was 
adapted, then he was to cover the adaptation model quickly 
and the actual test took place by the operation of the shutter. 
After viéwing the actual model the observer had to record the 
findings of the defects by making a sketch from memory as to 
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their number and position. The performance was repeated 
until practically all defects were recorded. The result of the 
test was then represented by the average number of exposures, 
taken by the various observers multiplied by a factor express 
ing the difficulty of sizing up the defects. This factor was 


FIG. 5. 


Special devices for laboratory tests on the perceptibility of defects. 


arrived at for each working model in advance by a preliminary 
test with the same observers at normal illumination and a 
contrast of 10:10 ml. The total values were plotted against 
brightness for constant contrasts and are shown in Fig. 6. 
The results are similar as before and show again that the 
conditions under a contrast of 1: 10 and with umbrageous il- 
lumination are the best, except that there is an indication that 
under indirect illumination of very high values of illumination 
a still better productivity might be obtained. 

This finished the laboratory experiments and in.order to 
determine the practical value of the results thus secured and in 
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order to test them out under actual working conditions, the 
further investigation was transferred to a wollen mill: Here 4 
looms were selected, two of which manufactured light coloured 
goods of 65 per cent. and 51 per cent. reflection factor and the 
other two were for dark material of 2.0 resp. 2.8 per cent. 
factor of reflection. These machines were of a type which 
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provided for an automatic stop in case of breaks of woof or 
warp thread and in case of an empty shuttle, but they were 
not equipped with automatic devices for change of shuttle. 
The conditions of illumination as they were found in this mill, 
are tabulated in Table 1, which includes also the values of the 
3 steps of improved illumination that were employed in the 
testslateron. The type of the improved illumination selected 
was the umbrageous one, as it had been found the most satis- 
factory. It was furnished by 2 asymmetrical mirror reflectors 
(symmetrical reflectors in inclined position) as shown in Fig. 8. 
This picture gives an idea of the general appearance under the 
improved illumination, while Fig. 7 is illustrating the old 
conditions of normal illumination. The angle of incidence of 
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Fic. 7. 


Loom of woolen mill under old “ normal ” illumination. 
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the reflectors was chosen as of 35° with the horizontal to suit 
the practical working conditions and proportions existing in 
this factory. 

In making the experiments every precaution was taken to 
develop a true and unbiassed picture of the very benefits 
derived from the improved illumination: For this reason the 


TABLE I. 
Illumination Values. 


Horizontal Illum. in Vertical Illum. 
Footcandles. Footcandles.in 


Type of Illumination. Front. 


Working | Shuttle. 
Place. 


Original or “‘normal”’... 12.8 7.9 
21.2 37.8 


Improved Step 1 23.7 18.8 
49.3 79.5 


Improved Step 2 39 30.0 
42 II 


Improved Step 3 168 133.0 
7° 23-9 


Em = average illumination. _ 
g in per cent. degree of uniformity. 


same weavers were kept at their loom and the material em- 
ployed at each loom (woof and warp thread) was not altered 
throughout the whole series of the test runs. 

Psychological factors that might affect the men under the 
new conditions were watched carefully, such as the disturbance 
caused by the tests, the suspicion aroused, the disinclination of 
improving the output etc. It may be said, however, that the 
class of working men was of such a type that they did not 
influence the reliability of the tests. 

On the other hand the stimulation caused by the improved 
illumination might have possibly distorted the results. By 
way of explanation of the psychological considerations in- 
volved herein it may suffice to say that the stimulation given a 
working man by improved working conditions, such as better 
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Loom of woolen mill under improved illumination. 
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illumination, manifests itself in two ways: at first in an im- 
pulse limited in time which wears off gradually and secondly 
in a lasting effect of greater ease. To balance these two stim- 
uli half of the tests were run with rising and the other half 
with decreasing illumination. 

It furthermore was necessary to eliminate from the records 
all activities that might introduce an error or even a doubt 
into the results. Thus the gross working times were taken at 
intervals with the aid of a stop-watch, and all times and stops 
and their reasons were carefully recorded, analysed and the 
operating period reduced to a net value by deducting all these 
actions and stops of the work, which were not inherent nor to 
be attributed to the performance of the regular work, such as 
repairs of the machine, short absence of the workman or the 
like. 

A correction was also applied to take care of the elements 
of chance, such as non-uniformity of the thread causing more 
or less numerous breaks at different times, the weather, the 
physical conditions of the men, etc. By taking the conditions 
as they existed during the test under the old illumination as a 
guide, the values were reconciled to a uniform performance of 
a “‘constant run’’ under like conditions. 

With all these considerations in view a true picture of the 
essential facts could be derived from the tests. 

Now, it is obvious that the ultimate criterion of the econ- 
omy effected by the improved illumination is expressed by the 
quality and quantity of the material that is turned out within 
a given period of time under the different degrees of illumina- 
tion. 

Leaving at first the question of quality out of considera- 
tion, a measure of the quantitative output can, of course, be 
regularly obtained by means of the “‘shoot-counter’’ attached 
to the shaft of most of the looms. Here, however, the read- 
ings of the counter served only as a check on the totals of the 
test-results,; while the investigations had to be carried on as 
they were, to provide for an insight into the individual opera- 
tions of the weavers and to admit of an analysis of the influ- 
ence of the improved iJlumination upon them. 

Now the process of weaving being essentially automatic, 
requires visual activity necessitating good illumination in 
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order to take care of such work as to watch for imperfections 
of the thread, repair breaks of the warp as well as of the woof 
threads, change of shuttle, etc. All these operations involve 
stoppages of the loom. Thus it is obvious that the quantita- 
tive gain that may be derived from improved illumination and 
which ultimately will manifest itself in increased production 
must necessarily accrue from a reduction of the ‘“‘number’’ 
and “‘duration”’ of the stops. The latter indicates increased 
working speed, the former is the result of enhanced percepti- 
bility. Both factors, duration and number of stops, have been 
analysed separately by taking the ‘‘net’’ values of the various 
individual operations which, as described above, had been 
shorn of all irregularities. The increased working speed was 
derived for the three predominant operations (breaks of warp 
and woof threads and change of shuttle) by comparing the 
net working time for each operation with the time taken under 
“normal” operation (old illumination). The reciprocal of 
this percentage value furnishes then the increased working 
speed and is plotted in Figs. 9 and 10 as a function of the in- 


creasing illumination. 
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From these curves it becomes apparent that the saving in 
time for the operation of repairing breaks of the warp threads 
shows much higher values than for the other operations, and 
is therefore by far the most important for the total increase in 
working speed. 

The influence upon the number of stops may be analysed 
in such a manner: As the looms used have no automatic 
devices to effect a change of shuttle, it is evident that there 
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must be a number of stops which is a regular minimum de- 
pending on the number of changes of shuttle, necessary for a 
certain kind of material, and that beyond this minimum, 
no reduction of the number of stops can take place. But, as 
a result of quick recognition and consequent action facilitated 
by improved illumination, the automatic stops may be antici- 
pated and considerable time thus saved in as much as then 
the threads do not become seriously entangled or the end of 
the warp thread could be more readily located. It is there- 
fore the reduction of the number of automatic stops which 
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signify a saving of time or an increase of productivity. 
Further than that, through good illumination, the operator 
may also be in a position to watch and “‘nurse’”’ the thread 
and thus avoid breaks of the threads and consequent stops 
prophylactically. 

From the results of these observations covering “‘number”’ 
and “‘duration”’ of stops, the total increase of productivity 
has been determined, and is shown in Figs. 11 and 12. _ It will 
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be noted that there is a great difference of performance be- 
tween the work of the weavers at looms 66 and 68 and likewise 
70 and 93. This discrepancy is explained by the fact that in 
order to eliminate the influence of ‘‘stimulation”’ referred 
to above, the illumination was changed in steps of increasing 
illumination for one set (66 and 93) and of reducing illumina- 
tion for the other set (68 and 70). The mean of the two rep- 
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resents the conditions fairly accurately, and thus in Fig. 13 
the total increase of productivity is shown in percentage rela- 
tion to the “normal”’ illumination. At the same time the 
‘loom”’ efficiency is indicated on the right hand scale of the 
diagram. As to this efficiency it may be stated that it was 
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figured to be 100 per cent. if the loom were operated uninter- 
ruptedly that is without stops of any kind, an assumption 
which could not be realized with these looms as there was no 
automatic change of shuttle. 

Besides these quantitative gains thus recorded there are 
also qualitative accomplishments expressed by the reduction 
of the number of defects in the woven material. A picture 
of this is given in Fig. 14 and it will be seen that the perform- 
ance is quite different for black from that for light material. 
In the first case the improvement in quality keeps up with 
increasing illumination and could probably be increased 
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further, while for the light material the defects reach a mini- 
mum at an illumination of about 75 ft. cdl. and start to in- 
crease again in numbers, if the illumination exceeds 100 ft. cdl. 

In order to derive the economy effected by the improved 
illumination, one has to determine not only the increase of 
efficiency, but has also to consider the higher expense involved 
thereby. The latter is due to higher current consumption 
as well as to an amortization of the additional capital invested 
for the alterations. Of course, the rates for electric current 
and the cost for material and labor are different in Germany 
from those in the U.S. A. and therefore the economical aspect 
will be different and will have to be determined specially. 
But in view of the fact that labor is higher in U. S. A., its 
influence will be the determining factor and the figures in 
U. S. A. would show an undoubtedly still better appearance. 
As pictured in Fig. 15 the German figures reveal that at an 
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illumination of 60 to 70 ft. cdl. the economy curve has a maxi- 
mum and decreases from there on, which means that in this 
type of textile mills and under the conditions as explained, 
the illumination should be raised to the above value, in orde: 
to reach an economical optimum. 
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NOTES FROM THE U. S. BUREAU OF STANDARDS.* 


QUARTZ PLATE MOUNTINGS AND TEMPERATURE CONTROL FOR 
PIEZO OSCILLATORS. 


During the past few years an extensive study of certain 
phases of piezo oscillator construction and performance has 
been made at the bureau. The oscillators studied have been 
those sent in for calibration and those built at the bureau to 
serve as frequency standards. In a report published in 
the October number of the Bureau of Standards Journal of 
Research the quartz plate mountings and the temperature- 
control units will be discussed. 

The quartz plates commonly used are either rectangular 
or circular. For frequency standards the electrodes of the 
plate mounting should be so spaced (1) that the air-gap does 
not change with time; (2) that the air-gap changes in a definite 
manner with variation in temperature; and (3) that all 
unessential electrical capacity is minimized. The shifting 
of the quartz plate between the electrodes must be as small 
as possible. 

A simple type of holder, which is often used for rec- 
tangular quartz plates, consists of two brass electrodes with 
a celluloid or bakelite ring to partially limit the shifting of the 
quartz plate. The upper electrode may be adjustable as to 
air-gap or may rest on the quartz plate. Since the quartz 
plate changes its position with any slight jar the frequency is 
ordinarily constant only to I part in 10,000 to 30,000. 

A quartz bar may be held in position in the mounting by 
two screws mounted in the lower electrode in such a way that 
they engage in slots in its edges, one in each edge midway 
between the two ends. Bars mounted in such a manner are 
found to be constant in frequency to 1 part in 300,000. 

Another method of mounting a long rectangular quartz 
plate to oscillate in its extensional mode is to clamp it centrally 
with respect to its ends between two narrow surfaces project- 
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ing from the electrode faces in such a manner that the narrow 
contracting areas are perpendicular to its length. Quartz 
spacers fix the air-gap. This type of holder is very satisfac- 
tory for any plate whose extensional vibration frequency is 
below 100 kc. The constancy of frequency is about I part in 
300,000. 

A circular quartz plate is somewhat easier to mount satis 
factorily than a rectangular one. A simple type of mounting 
for circular plates uses a piece of pyrex tubing, slightly larger 
in diameter than the quartz plate, to serve as a spacer between 
the electrodes as well as to hold the quartz plate in place. 
The greatest possible constancy in frequency for a plate in 
such a mounting used in a portable standard is I part in 
200,000. 

For the “thickness frequency’”’ a hole, tapering in from 
each face, may be cut along the cylindrical axis of the quartz 
plate. This decreases the temperature coefficient of fre- 
quency. The plate is them mounted on a horizontal bakelite 
rod passed through the hole. A pyrex ring serves to space 
the electrodes. Although a quartz plate mounted in this 
manner is not reliable in a portable standard, in a fixed posi- 
tion the frequency will be reliable to 1 part in 1,000,000. 

It is possible to mount a circular quartz plate so that it 
will be reliable as a portable standard. About the cylindrical 
surface a V-shaped groove is cut half-way between the plane 
faces of the quartz plate. The plate is then mounted within 
a metal ring by 3 screws, 120° apart, whose tapered points fit 
in the groove to grip the plate. The metal of which the ring 
and screws are made should be chosen so that the expansion 
of the quartz plate is the same as the differential expansion 
of the ring and screws. Pyrex washers space the electrodes 
on ‘each side of the quartz plate. In such a mounting the 
decrement is small and there is no chance of the quartz plate 
shifting in its mounting. The frequency of a portable stand- 
ard using such a mounting will remain constant to I part in 
1,000,000 with the oscillator circuit temperature-controlled. 

The simplest type of temperature control consists of a 
small box of wood or similar material, containing the quartz 
plate, a thermostat, and electric heater. The relative loca- 
tions of these various elements in the cabinet, and the type 


of thermostat determine the constancy of temperature con- 
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trol. A good bimetal thermostat will hold the temperature 
constant to 1° C.; a mercury thermostat will be probably ten 
times as constant. 

The quartz plate may be placed inside a heat-attenuating 
box within the temperature-controlled compartment. This 
attenuating box may be of wood, or better, of alternate layers 
of metal and felt or asbestos. Such attenuation ordinarily 
decreases the variations of temperature at the quartz plate 
to 1 per cent. of that of the temperature-controlled space. 

Where greater constancy of frequency is desired, the 
oscillator circuit must be maintained at constant temperature. 
It is more desirable to have a double temperature-control on 
the quartz plate, putting the oscillator circuit in the outer 
control compartment together with the attenuating box con- 
taining the inner temperature-controlled space and the 
mounted quartz plate. 


A BALANCED THERMOCOUPLE AND FILTER METHOD OF ULTRA- 
VIOLET RADIOMETRY. 


At present the physician has neither a unit of dosage nor a 
meter for accurately measuring the amount of ultra-violet 
radiation used for healing purposes. 

In the absence of an inanimate dosage-meter the patient 
is used as an indicator, and the dosage is estimated by the 
erythema produced on some untanned part of the body, e.g., 
the inner forearm, when exposed to the lamp. It is probable 
that this precautionary test of exposure to ultra-violet will 
always be made. However, in view of the wide variation in 
erythemic susceptibility of pigmented and unpigmented skin, 
burns are likely to be produced and the search in progress, 
the world over, is for a simple device for accurately measuring 
the ultra-violet intensity of the source used for healing pur- 
poses. In this search, the Bureau of Standards and other 
research laboratories are taking an active part; particularly 
the bureau, in the problem of standardization of ultra-violet 
intensity or so-called dosage meters. 

A paper which was published in the October number of 
the Bureau of Standards Journal of Research (Research Paper 
No. 370), is a further contribution (see B. S. Research Paper 
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No. 318) to the investigation of filter radiometry, with special! 
reference to the quantitative measurement of the component 
of ultra-violet radiation, of wave-lengths less than 313 milli- 
microns in sunlight and in artificial sources, which biologists 
recognize as of special importance in the prevention and cure 
of rickets. 

The apparatus used was a balanced radiometer, consisting 
of a thermocouple in which the two receivers are simultan- 
eously exposed to radiation, under which conditions practically 
no thermoelectric current flows through the galvanometer. A 
1-cm. cell of water or of crystal quartz was used continuously 
over the thermocouple receivers. 

On covering one receiver with a filter that excludes the 
ultra-violet which it is desired to evaluate and the other 
receiver with a window that freely transmits these ultra-violet 
rays, and exactly balances the transmission losses of the 
exclusion filter, throughout the remaining part of the spec- 
trum, the galvanometer deflection obtained on exposure of the 
two thermocouple receivers through this combination of 
filters is a direct measurement of the ultra-violet emitted 
by the source under investigation. In order to evaluate the 
ultra-violet of wave-lengths less than 313 millimicrons, it is 
necessary to know the relative spectral energy distribution 
of the source for wave-lengths less than 400 millimicrons. 

The ultra-violet exclusion filter was a barium flint glass 
and the balancing filter was of crystal quartz or Corex Go80A, 
depending upon the source of radiation. The lack of complete 
balance of long wave-length radiation was determined by 
covering both receivers with a plate of Noviol-A glass, which 
is opaque to radiation of wave-lengths less than 400 milli- 
microns, the long wave-length end-point of absorption of the 
barium flint exclusion filter. 

Using two arrangements of (1) the balanced pair of thermo- 
couple receivers with a single exclusion filter method, and (2) 
a single thermocouple receiver with two exclusion filters 
(three methods in all); and (3) using two methods of calibrat- 
ing the radiation sensitivity of the thermocouple receivers 
in absolute units, closely agreeing measurements were made 
showing that the average amount of ultra-violet radiation of 
wave-lengths less than and including 313 millimicrons for 
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midlatitude sea level stations, during the clearest weather, 
during midday in midsummer, amounts to about 90 micro- 
watts per cm?, decreasing to about 20 microwatts per cm? on 
the clearest days in midwinter. 

An experimental procedure is described for testing the 
performance and for standardizing photoelectric cells, for 
use as ultra-violet intensity (so-called dosage) meters. 

An experimental procedure is described for using measured 
amounts of spectrally pure (‘‘monochromatic’’) and of hetero- 
geneous (‘“‘heterochromatic”’) ultra-violet radiation in physio- 
logical tests, such as, for example, the amount of ultra-violet 
energy required to produce a minimum perceptible erythema 
on the untanned human skin. Data are given showing the 
erythemogenic efficiency of Washington midsummer ultra- 
violet solar radiation is only about 21 per cent. that of the 
wave-length (297 millimicrons) of maximum erythemic sus- 
ceptibility. Using the spectral erythemic response curve 
observed by the writers, the calculated erythemogenic effi- 
ciency is 22 per cent. which is as close an agreement as can 
be expected, in view of the uncertainty in the ultra-violet 
solar spectral energy curve upon which the calculations must 
be based. 

Using an artificial source of radiation in which the ultra- 
violet spectral energy distribution and the total erythemogenic 
ultra-violet radiation could be accurately measured, the 
observed time of exposure to the total radiation from the 
lamp, required to produce a minimum perceptible erythema, 
was in good agreement with the time calculated from observa- 
tions using the wave-length (297 millimicrons) of maximum 
erythemic susceptibility. 


SOLARIZATION AND REJUVENATION OF WINDOW GLASS. 


In previous reports (Technical News Bulletins Nos. 152, 
December, 1929; 160, August, 1930; 164, December, 1930) 
attention was called to the fact that short wave-length ultra- 
violet radiation of wave-lengths less than about 320 milli- 
microns in sunlight and in artificial sources have the property 
of decreasing the ultra-violet transmission of certain special 
glasses to a stabilized value. Further exposure of these 
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glasses to radiation of wave-lengths longer than about 350 
millimicrons in the mercury are and in sunlight (which are 
isolated by covering the glasses by filters of window glass 
etc., that are opaque to the short ultra-violet rays) increases 
the transmission to an appreciably higher value. In one test 
the rejuvenated transmission under the filtered mercury ar 
was higher than that of a duplicate sample exposed to filtered 
sunlight. This is probably owing to the fact that after filter 
ing the wave-lengths shorter than 313 millimicrons from th: 
radiation from the mercury arc but little remains other than 
the 365 millimicron line. 

During the past summer these tests were repeated and 
verified, by exposure of the special glasses under (1) black 
paper, (2) quartz, (3) window glass opaque to wave-lengths 
less than 313 millimicrons, and (4) a filter of G584 glass that 
is Opaque to wave-lengths less than 340 millimicrons. The 
heating under the black paper produced no change in trans- 
mission. The decrease in transmission under quartz was 
practically the same as unfiltered sunlight. The increase in 
transmission under window glass was less than under the blue 
green filter G584 which verified previous tests showing that 
wave-lengths in the region of 365 millimicrons have the 
greatest rejuvenating action. 

Present experience indicates that the use of filtered 
radiation from the quartz mercury arc is less reliable than 
unfiltered radiation in making stabilization transmission tests. 
Inconsistencies reported by others may be owing to the fact 
that the natural solarization tests of the window glasses wer 
made in the autumn and in January to March, when owing 
to the low altitude of the sun, the shortest ultra-violet rays 
are absent and the stabilized transmission is not so low as is 
obtained in summer sunlight. 

Stabilization tests requiring 200 or more hours exposure 
to be filtered radiation are impracticable. Hence, as described 
in Technical News Bulletin No. 162 of October, 1930, the most 
reliable procedure is to stabilize the transmission by exposure 
to the unfiltered radiation from the quartz mercury arc lamp. 
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FUNDAMENTAL STANDARDIZATION OF COLORS. 


Because of their impermanence, material standards, such 
as glass filters or colored chips, can play only an auxiliary 
part in the standardization of color on a fundamental basis. 
The fundamental specification consists of a spectrai distribu- 
tion of energy, which is the immediate stimulus for the color, 
combined with the color-vision characteristics of the eye whose 
activity results in the color. The spectral distribution of 
energy taken alone is sufficient to insure the reproduction of 
the color, but, taken along, it would be an unduly stringent 
specification because it would exclude many other distribu- 
butions of energy which result in the same color. It is cus- 
tomary, therefore, to express color specifications in terms of 
a normal eye to which, for the sake of uniformity, all distribu- 
tions of energy serving as color stimuli are referred. The 
“excitation”’ curves of the Optical Society of America, based 
on measurements taken by Abney and Ké6nig more than 20 
years ago, have been widely used in America to define the 
properties of a normal eye for the purposes of color stand- 
ardization. 

Recently a British investigator, Doctor Wright, has 
repeated for ten observers the measurements of Abney and 
K6nig using improved apparatus and technique, but, because 
of the form in which the results were expressed, it has not 
been possible to compare his results with the O. S. A. ‘‘excita- 
tion” curves directly. The requisite transformations have 
now been carried out in the colorimetry section of the Bureau 
of Standards, and it is disclosed that Wright’s results check 
those of Abney and K6nig except for differences which are not 
large compared to individual variations. It is concluded, 
therefore, that the slightly more faithful representation of 
normal vision afforded by Wright’s data is not sufficient to 
justify the inconvenience of supplanting the present standard. 
However, the O. S. A. ‘‘excitation”’ curves have other defects 
which hinder their technical application more than their 
failure to give faithfully the characteristics of normal vision. 

It is possible that to remedy all these defects would make a 
change in these standard data worth while, even though sub- 
sequent projects in color standardization would have to be 
carried out on a basis not comparable to those already ac- 
complished. 


640 U. S. Bureau or STANDARDS NOTEs. [J. F 


POROSITY OF ELECTROPLATED CHROMIUM COATINGS. 


Although chromium plating is very extensively applied to 
automobiles and other finished metal articles, it is well known 
that the chromium deposits are usually porous, and that the 
protection against corrosion of the base metal depends prin 
cipally upon the quality of the nickel and copper coatings 
that almost invariably precede the chromium, In a research, 
made by the Bureau of Standards in coéperation with th 
American Electroplaters’ Society, methods for detecting and 
evaluating the porosity of the chromium deposits were in 
vestigated, and the factors that influence porosity wer 
studied. 

Various methods that have been described for detecting 
porosity in chromium deposits were found to yield consistent 
results. The most generally applicable and reliable is the 
copper deposition method, which depends on the fact that 
under certain conditions copper will not deposit on chromium, 
but only in pores or cracks in the chromium. This method 
was made semiquantitative by measuring either the average 
apparent current density or the weight of copper deposited in 
two minutes at 0.2 volt. The results represent the relative 
porosities. In order to determine whether a decrease in 
porosity of the chromium will result in an increased protective 
value, exposure tests are being made in coéperation with th 
American Electroplaters’ Society and the American Society 
for Testing Materials. The following conclusions are there 
fore tentative. 

Very thin deposits of chromium usually contain round 
pores. As the thickness is increased, these pores disappear 
but cracks are formed, especially on standing. For the com- 
mon conditions of deposition, the minimum porosity is ob- 
tained with a thickness of about 0.00002 inch, which is the 
usual thickness applied to automobile parts. If, however, 
the chromium is deposited at a higher temperature such as 
65° C. (149° F.) instead of the usual temperature of 45° C. 
(113° F.), and at a suitable current density, the deposits are 
less porous than usual. This is especially true of thicker 
deposits. 

The least porous deposits are produced on nickel, which 
is generally applied as a preliminary coating on other metals 
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before chromium plating. Heating the deposits to 200° C. 
for a short time produces a greater porosity than if they were 
allowed to stand at ordinary temperature. Under the latter 
conditions the porosity gradually increases for two weeks. 

If the results of these laboratory studies are confirmed 
by exposure tests, it may be possible to improve the protec- 
tive value of the chromium coatings by using higher tempera- 
tures and sufficiently high current densities to produce bright 
deposits. 

A complete report on this study was published in the Octo- 
ber number of the Bureau of Standards Journal of Research. 


THERMOMAGNETIC PHENOMENA. 


Steel upon heating or cooling undergoes characteristic 
magnetic transformations which are associated with corre- 
sponding structural transformations. The observation of 
these magnetic transformations with special reference to their 
interpretation in terms of the corresponding changes in struc- 
ture or condition has been termed thermomagnetic analysis. 

In a paper before the September meeting of the American 
Society for Steel Treating in Boston, R. L. Sanford of the 
bureau discussed the characteristic magnetic phenomena 
which may be observed when steel is heated or cooled, and 
showed how they may be interpreted in terms of the corres- 
ponding structural transformations. Thermomagnetic an- 
alysis, on account of its great sensitivity, offers a means for 
studying some changes in the structure of steel which can be 
observed in no other way. 


THERMAL EXPANSION OF FERROUS ALLOYS. 


With the codperation of a number of steel companies and 
other manufacturers of heat resisting alloys there was recently 
completed at the bureau a comprehensive investigation on the 
linear thermal expansion of various commercial nickel-chro- 
mium, iron-chromium, and _nickel-chromium-iron alloys. 
These alloys contain 0 to 77 per cent. nickel, 5 to 27 per cent. 
chromium, and 0 to 82 per cent. iron. The coefficients of 
expansion of the alloys were determined for various tempera- 
VOL. 212, NO. 1271—44 
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ture ranges between 20° and 1000° C., and the effects due to 
temperature, chemical composition, heat treatment, etc., were 
determined. Critical regions were located on the thermal! 
expansion curves of some of the alloys. The data which wil! 
be published later in the Bureau of Standards Journal o; 
Research, are useful in several ways: It is possible to select 
heat resisting alloys which have the same coefficients of ex- 
pansion for a given temperature range as other materials, 
for example, brass, copper, procelain, steel, etc., when as- 
sembled in equipment or appliances where differences in 
expansion would be undesirable. It is possible to predict the 
coefficients of expansion of similar new alloys. It is also 
possible to determine the heat treatment suitable for each 
type of alloy for a specific purpose as governed by the desired 
structure. 

During the past year the coefficients of linear expansion 
of a number of samples of invar and related nickel steels 
were determined. ‘These alloys were used in level rods, side 
bars for strain gages, elevator hoistway interlocks, etc., where 
low expansion is necessary. 

About 50 tests have been made during the year. 


AQUEOUS SOLUTIONS FOR QUENCHING STEEL. 


Steel is an alloy with ability to develop properties covering 
a wide range of strength, hardness, and ductility. It is be- 
cause of this versatility and adaptability that steel plays so 
important a part in modern life and industry. One of the 
most important duties of the metallurgist is to determine the 
treatments to which any given steel must be subjected to de- 
velop the properties needed in some particular service. The 
more common steels are made soft by cooling slowly from 
temperatures approximating a “‘red heat,” and are hardened 
by cooling rapidly from these same temperatures. 

Quenching, that is, cooling rapidly from a red heat by 
plunging metal into water or oil, is thus a fundamental pro- 
cess in heat treatments employed to develop enhanced proper- 
ties in steel. The precise structure and hence properties 
produced in quenching are controlled by the speed at which 
the steel cools during the operation. Water and oil are the 
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two most commonly used quenching media. Water produces 
the more rapid cooling effect, that is, a steel quenched in water 
is in general harder than if quenched in oil. Occasionally a 
water-quenched steel is too hard for the most satisfactory 
service. In such a case a tempering treatment is frequently 
necessary, which consists of reheating the steel after quenching 
to relative low temperatures. 

A steel equivalent to or possibly better than the quenched 
and tempered steel would often be possible if quenching 
solutions were available possessing characteristic cooling rates 
between those of water and oil. 

In a recent investigation at the bureau a study was made 
of aqueous solutions of ethylene glycol, glycerine, and sodium 
silicate to determine whether any of them offered promise as 
quenching media with characteristic cooling rates in this inter- 
mediate range. It was found that the solutions of glycol and 
of glycerine did not give results which were readily reproduc- 
ible. Hence, such solutions do not appear promising for 
practical use. However, solutions of several concentrations 
of sodium silicate proved to have quenching rates in the de- 
sired intermediate range and to give very consistent results. 
Some of these sodium silicate solutions must be treated with 
small additions of caustic soda in order to prevent changes 
in them when allowed to stand for several months. The effect 
of varying the concentration and the temperature of the so- 
dium silicate solution was studied. It was concluded that 
sodium silicate solutions give promise of usefulness in the 
quenching of steels by providing solutions having graded cool- 
ing rates between those of water and of oil. 

A full report on this subject was published in the Septem- 
ber number of the Bureau of Standards Journal of Research. 


FIRE TESTS OF PARTITIONS. 


The evolution of modern types of fire resistive building 
construction has brought about improvements in the use of 
the older building materials and the development of several 
new ones. Among these is a structural unit, introduced in 
Europe, the manufacture of which has recently been started 
in this country. This unit is made by thoroughly coating 
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long woodshavings (excelsior) with a magnesium cement and 
moulding the coated mass of fibers into the desired form. The 
cement coating serves the double purpose of flameproofing th: 
wood and binding the fibers into a unit of the necessary degree 
of rigidity. Both insulating and building units are made 

Fire endurance, fire, and fire hose stream tests on plastered 
partitions of these blocks, 16 feet long by 11 feet high, were 
conducted recently in the bureau’s wall testing furnace 
These partitions were built of blocks 3 inches thick and plas 
tered on each side with approximately 1/2 inch of sanded 
gypsum plaster. The first of the test partitions was built 
of blocks manufactured in Europe. These blocks were 1.6 
meters (63 in.) long by 0.5 meter (20 in.) high by 7.5 cm 
(3 in.) thick. This partition was reinforced with three No. 
10 gage wires placed vertically on each side, at the center 
and quarter points of length, and anchored to the restraining 
frame of the furnace at top and bottom. Tie wires through 
the horizontal joints between courses bound the wires on 
the opposite sides of the partition together. These reinforc- 
ing wires were placed during the construction of the partition 
and covered in by the plaster. The other partitions were 
built of blocks of domestic make 48 inches long, 20 inches 
high, and 3 inches thick, set in the same manner except that 
there was no wire reinforcement. 

The partition built of European blocks and one built of 
domestic blocks were tested for fire endurance. The end 
point for each test was determined by rise of temperature at 
one of the nine thermocouples by which the surface tempera- 
tures were measured, this temperature being more than 30 per 
cent. in excess of the general average of all the surface tempera- 
ture measurements. The rise in each case was I81° C. 
(325° F.) above the initial temperature and was reached at 
2 hours 12 1/2 minutes and 2 hours 18 1/2 minutes, respec- 
tively, in the two tests. The average rise of the temperature 
at the nine points was in each case much below the limit of 
139° C. (250° F.) permitted by the standard fire test specifi- 
cation. In the first test this rise was 108° C. (194° F.) and 
in the second 90° C. (163° F.). 

In neither case did the fire break through the partition 
subsequent to the fire test. In the first test, however, glow 
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continued in the blocks for about 2 1/2 hours after the furnace 
fire had been stopped, influenced to a large extent by the 
high temperature of the confronting furnace wall. The 
partition was removed from the furnace after 2 hours 24 min- 
utes in the second test and subjected to a hose stream. The 
excelsior of the blocks in this test was found to have been 
charred to within 1/2-inch of the plaster on the unexposed 
side of the partition. 

A partition built of blocks of domestic manufacture was 
subjected to fire for one hour and subsequently to impact and 
erosion effects of a fire hose stream from a 1 1/8-inch nozzle 
on a 2 1/2 inch fire hose, the pressure at base of nozzle and 
duration being approximately equivalent to 4 2/5 minutes 
application at a water pressure of 30 Ibs./in.2, The partition 
withstood this test without passage of flame, hose stream, 
or unduly high temperature. In this test the wood shavings 
were charred to depths of 1 3/4 inches from the fire exposed 
side of the units, but the average depth of char was approx- 
imately 1 1/4 inches. In a few small areas the stream eroded 
the block materials to within 1/2 inch of the plaster on the 
unexposed side. 

As based on performance in these tests, this partition 
construction develops a fire resistance of 21/4 hours, com- 
bustible, as tested according to established procedure. 


MASONRY CEMENTS. 


A study of masonry cements and mortars has been under- 
taken at the bureau. Certain hitherto unmeasured proper- 
ties, such as plasticity, water-retaining capacity, and volume 
change are being studied, and further workability, an essen- 
tial property in masonry cementing materials, is being given 
particular attention. The compressive strength of 2-inch 
mortar cubes is also being determined. 

Plasticity is measured in accordance with the principle 
employed in the McMichael viscosimeter, i.e., shearing of 
the material by a fixed body in a rotated cup. The water- 
retaining capacity is measured by exposing one side of a 
thin slab of the mortar to a slight vacuum for various periods 
of time. This simulates the water withdrawing action or 
‘‘suction”’ of a brick. 
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Volume change is measured from the time the mortar is 
mixed, through long storage periods when stored both at 
60-70 per cent. relative humidity, and inundated. Six speci- 
mens of the mortar are cast in a vertical manifold water- 
tight mold containing six 1 by 1 by 8 inch compartments with 
glass plates cast in each end of the specimen. Immediately 
after filling, the mold is placed under six dial strain gages 
one gage for each specimen, by which the shrinkage is meas- 
ured through the setting period. When the specimens hav 
hardened sufficiently they are removed from the mold and 
placed in damp closet storage for one week after which they 
are subjected to the two storage conditions already described. 
Comparator measurements are made daily for the first week 
after removing from the molds, weekly for one month, and 
monthly from that time on. The cubes are made in three 
consistencies. They are stored one week curing in the damp 
closet, one week inundated, and finally one-half are placed 
in air at 60—70 per cent. relative humidity, the other half being 
kept under water. Cubes are broken at 7 and 28 days, 3 
months, and 1 year after the date of making. 

The study of the interesting property of volume-yield 
has been added to the investigation. This includes density 
determinations of the masonry cements both dry and in the 
neat mix. Certain devices for the measurement of the above 
mentioned properties have been developed during the investi- 
gation and they are now being used on some 40 or more 
masonry cements now on the market. 


PERFORMANCE OF AUGER MACHINE FOR EXTRUDING 
CLAY COLUMNS. 


-The factors involved in the design of dies and augers for 
extrusion machines used in the manufacture of heavy clay 
products, are being investigated at the bureau. The experi- 
mental apparatus consists of a combined pug mill and auger 
machine of a very modern type. The various augers are inter- 
changeable, and the dies are so constructed as to make possi- 
ble any desired change in length, taper, or core design. A 
series of several extrusions is made with each change in set-up 
of auger or die. During the course of repeated extrusions, the 


Fae NN eB dy ie Sa ate NA lg ZH 


Fe eS a 


Ve phatenereAl sa Hille ais 


PARED cid POI tenon 


® 
i 
: 


Nov. 1931-1 U. S. Bureau oF STANDARDS NOTEs. 647 


moisture content of the clay decreases by evaporation, and 
moisture determinations are made on the clay used in each 
run, as well as a determination of the actual pressure required 
to extrude the clay at a definite rate from a closed cylinder. 
Thus, with both the moisture content and ‘‘ workability” of 
the clay determined, reasonably accurate comparisons of data 
from each series of extrusions can be made. 

The total amount of power delivered to the assembly is 
measured as well as “power consumed’”’ and “power devel- 
oped” by the auger itself. This affords a means of compari- 
son of the actual mechanical efficiency of any particular type 
of auger as well as its effect upon the production efficiency. 

With the die and core combinations thus far used, the 
single wing auger has proven most efficient mechanically, 
with the double and triple wing augers following in order. 
However, the triple wing auger has been the most proficient 
from a production standpoint, extruding about 19 per cent. 
more clay by weight than the single wing and about 23 per 
cent. more than the double wing auger. But the power con- 
sumption when using the triple wing auger was 85 per cent. in 
excess of that when using the single wing auger, indicating 
a considerably higher power cost per unit of production. 

Variation in moisture content does not appear to have any 
marked effect upon the order of these comparisons, although 
an increase of 8 to 10 per cent. in moisture of the clay will 
decrease the power required by the triple wing auger by more 
than that consumed by the single wing auger. However, the 
product is not quite so good in quality as that obtained with a 
stiffer clay-water mix. Throughout the change in moisture 
content the proficiency in production of the machine decreases 
as the moisture content decreases, while the actual mechanical 
efficiency of both the assembly and the auger alone increases 
as the moisture decreases. 
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Synthetic Methionine. Methionine is gamma-methylthio! 
alpha-amoni-normal butyric acid. In the levo rotatory form, it 
occurs in the molecule of certain proteins, such as casein. Wallace 
Windus and C. S. Marvel of the University of Illinois have separated 
racemic synthetic methionine into its two optically active consti 
tuents by conversion into the formyl derivative, and crystallization 
of the brucine salt of the latter. The two formyl derivatives were 
then obtained from their respective brucine salts by treatment with 
barium hydroxide. The formyl group was removed by means of 
hydrochloric acid; and the amino acid obtained. In this manner, 
both the levo and the dextro isomers were obtained. The syn 
thetic levo isomer was found to be identical with natural methio 
nine. 

J, 3. iH. 


Fluorides in Potable Waters. H. V. CHURCHVILLE (Jnd. and 
Eng. Chem., 1931, 23, 996-998) has tested the municipal water sup- 
plies of 26 cities for the presence of fluorides. The water from 10 
cities east of the Appalachians was free from fluorides that from 16 
cities west of those mountains contained fluorides although the con- 
centration of fluoride ion was always less than 1 part per million. 
Five additional samples from western regions, in which the denta! 
defect known as mottled enamel is endemic, contained from 2.0 to 
13.7 parts of fluoride ion per million parts of water. 

J. S. H. 


Volumetric Determination of Sodium. J.T. DopsBins Anp R. 
M. Byrp of the University of North Carolina (J. Am. Chem. Soc., 
1931, 53, 3288-3291) precipitate the sodium as sodium zinc urany! 
acetate at a temperature below 20°C. The uranium content of the 
precipitate is determined by titration with standard solution of 
sodium hydroxide, using phenolphthalein as the indicator. The 
sodium content of the precipitate is then calculated. 

3: S. Hi. 


Molecular Statistics of Enzyme Action. J. B. S. HALDAN! 
(Proc. Royal Soc., 1931, B 108, 559-567) states that one molecule of 
the enzyme catalase, acting at a temperature of 0° C., catalyzes the 
decomposition of 200,000 molecules of hydrogen peroxide per sec- 
ond. The active intermediate molecule of catalase-hydrogen- 
peroxide has a mean life of 0.0000001 second. 


J. S. H. 
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THE FRANKLIN INSTITUTE. 


STATED MONTHLY MEETING, OCTOBER 21, 1931. 


The regular monthly meeting of The Franklin Institute was called to order at 
eight-fifteen p.m. by the Chairman, W. Chattin Wetherill, Vice-President. 

He immediately called upon the Secretary for a statement concerning the 
business of the evening. The Secretary reported that the minutes of the last 
meeting (the Medal Day Meeting) had already been published in full in the 
Journa of the Institute and moved that they be approved as printed. There 
being no objection, the Chairman announced that this motion was adopted. 

The Secretary announced that since the last meeting of the Institute in May, 
the following changes had taken place in the list of members: New members: two 
Resident Life, six Resident, four Non-Resident, one Student. He announced 
with extreme regret the deaths of two members of the Board of Managers—Mr. 
Edward H. Sanborn and Mr. Samuel T. Wagner; and of two Honorary Members 
of the Institute, Rear Admiral J. B. Murdock, U.S. N., who died last spring, and 
Mr. Thomas A. Edison, the great inventor, the first recipient of the Franklin 
Medal. In addition to these gentlemen, the Secretary announced, with deep 
regret, the deaths of fourteen other members. 

The Secretary then reported upon the progress of the construction of the 
Benjamin Franklin Memorial and The Franklin Institute building. He stated 
that many contracts had already been executed, that the work of demolition now 
to be done had been completed, and that the excavations were practically sixty 
per cent finished. He remarked upon the favorable financial condition and 
expressed the belief that there was no reason that the portion of the building now 
being erected should not be ready for occupancy by January 1, 1933. 

Announcement was also made by the Secretary of the election to the Board of 
Managers of The Franklin Institute of the Honorable George W. Pepper and Mr. 
Charles H. Ewing, to fill vacancies caused by death. 

There being no further business the Chairman presented as the speaker of the 
evening Captain A. W. Stevens, Air Corps, United States Army. Captain 
Stevens outlined the photographic methods and materials used by him and his 
fellow workers in the photography of the army and then showed a superb collection 
of photographs taken by him from elevations ranging from five thousand to 
twenty-five thousand feet in height. The audience filled the hall to its capacity 
and was apparently completely absorbed in the quality of Captain Stevens’ talk 
and the photographs. 

At ten o'clock, in accordance with the request of the President of the United 
States, the lights of the building were extinguished for one minute, as a tribute to 
Thomas A. Edison. The meeting was then adjourned, with a rising vote of 
hearty thanks to Captain Stevens for his delightful talk. 

Howarp McCLENAHAN, 
Secretary. 
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COMMITTEE ON SCIENCE AND THE ARTS. 


(Abstract of Proceedings of Stated Meeting held Wednesday, October 14, 1931. 
HALL OF THE COMMITTEE, 
PHILADELPHIA, OCTOBER 14, 1931. 


Mr. Henry B. ALLEN in the Chair. 
The following report was presented for final action: 
No. 2919: Work of Dr. J. B. Whitehead in Dielectrics. 


This report, recommending the award of the Elliott Cresson Medal to Docto: 
J. B. Whitehead, of Baltimore, Maryland, “In consideration of his many origina! 


investigations of dielectric behavior and allied subjects,’’ was adopted. 
The following report was presented for first reading: 
No. 2941: Improvements in the Field of Absorption Refrigeration. 


Gero. A. HOADLEY, 
Secretary. 


MEMBERSHIP NOTES. 
ELECTIONS TO MEMBERSHIP. 
(Stated Meeting, Board of Managers, October 21, 1931.) 


RESIDENT MEMBERSHIP. 


Mr. CuHartes H. Ewin, Vice-President, The Reading Company, Philadelphia, 


Pa. 


NON-RESIDENT MEMBERSHIP. 


Dr. Gitspert E. Doan, Associate Professor of Metallurgy, Lehigh University, 


Bethlehem, Pa. 


TRANSFER RESIDENT TO RESIDENT LIFE 
Joun J. L. Houston, Philadelphia, Pa. 


CHANGES OF ADDRESS. 
Dr. Leste R. Bacon, 314 Clearbrook Avenue, Lansdowne, Pa. 
Mr. Huco Bitcram, Moylan, Delaware County, Pa. 
Mr. C. O. BrLLow, 1212 Ashland Avenue, Wilmette, Illinois. 
Mr. GEorGE W. Brrcu, JR., 7427 Rogers Avenue, Upper Darby, Pa. 
Mr. FrepDERIcK M. BricHam, Aldwyn Lane, Villa Nova, Pa. 
Mr. W. D. Brucg, 55 Hanson Place, Brooklyn, N. Y. 
Mr. E. H. Burk, 531 Pelham Road, Germantown, Philadelphia, Pa. 
Mr. Miiton W. DeIsLey, 428 East King Street, Lancaster, Pa. 
Major Tuomas H. Griest, 1835 Arch Street, Philadelphia, Pa. 
Mr. G. R. HALL, roo William Street, New York City. 


Mr. Linn HELANDER, 3100 Brownsville Road, Mount Oliver Branch, Pittsburgh, 


Pa. 
Mr. Mayo D. Hersey, Vacuum Oil Company, Inc., Paulsboro, N. J. 


Dr. G. A. HOADLEY, Committee on Science and Arts, 37-39 North Seventh Street, 


Philadelphia, Pa. 
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Dr. Frep W. KRANzZ, 2527 West Drive, Fort Wayne, Indiana. 

Mr. A. S. Kress, 2506 Willard Street, Wilmington, Delaware. 

Dr. G. C. Kugsgx, Suite 2103, Aldine Trust Building, Philadelphia, Pa. 

Mr. J. McGowan, JR., s. w. Corner Market and Second Streets, Camden, N. J. 

Mr. F. MacMurpny, 513 Fair Oaks Avenue, Los Flores Apartments, South 
Pasadena, California. 

Mr. Matruew F. Maury, 2215 Locust Street, Philadelphia, Pa. 

Mr. W. C. MELCHER, JR., Cramp Brass and Iron Foundries, Paschall Station 
P. O., Philadelphia, Pa. 

Mr. OraMAR Kart Martt, Allis Chalmers Manufacturing Company, Milwaukee, 
Wis. 

Mr. Herman A. Me7z, 230 Fifth Avenue, New York City. 

Mr. Davin P. Moore, Optical and Acoustical Engineer and Patent Attorney, 
320 East Forty-second Street, New York City. 

Mr. C. B. NEBLETTE, 73 Seneca Parkway, Rochester, New York. 

Dr. Wayne B. NottinGcuas, 1 Hillside Place, Cambridge, Mass. 

Mr. HaviLanp H, Puatt, 1095 Park Avenue, New York City. 

Mr. SAMUEL E. Ponp, 3433 Plumstead Avenue, Drexel Hill, Pa. 

Mr. BERNARD Ruopes, Stud Holme, 34 Trafalgar Street, Healey, Batley, 
Yorkshire, England. 

Mr. Pattie X. Rice, 720 North Atherton Street, State College, Pa. 

Mr. Frank H. Rocers, I. P. Morris Corporation, Paschall Station P. O., Phila- 
delphia, Pa. 

Mr. T. Epwarp Ross, 2101 Packard Building, Philadelphia, Pa. 

Mr. A, F. S#atruck, 614 North Cannon Drive, Beverly Hills, California. 

REAR ADMIRAL ELLiott SNow, Apartment 652, The Westmoreland, 2100 Cali 
fornia Street, N. W., Washington, D. C. 

Dr. JouN F. StEvENs, Latrobe Apartments, Baltimore, Maryland. 

Mr. H. Brrcwarp Tay.or, Paschall Station P. O., Philadelphia, Pa. 

Mr. Paut E. Topp, 103 Broad Street, Warrensburg, Mo. 

Mr. Harry R. VAN DEVENTER, 3 West 50th Street, New York City. 

Mr. R. J. WENSLEY, Westinghouse Electric and Manufacturing Company, 
Plane and Orange Streets, Newark, New Jersey. 

Mr. Davip P. WHEATLAND, 133 Front Street, Marblehead, Mass. 

Mr. W. CHATTIN WETHERILL, Room 111 College Hall, University of Pennsyl- 
vania, Philadelphia, Pa. 

Mr. G. H. Wooprorre, Reading Iron Company, 401 North Broad Street, 
Philadelphia, Pa. 


NECROLOGY. 
RE 


Mr. John Brock, Philadelphia, Pa. 

Mr. M. J. Caples, Norfolk, Va. 

Mr. B. Denver Coppage, ey TF Del. 

Mr. Thomas A. Edison, Orange, N. { 

Rear Admiral J. B. Murdock, U. S. N., Danbury, N. H. 
Professor S. W. Parr, Urbana, III. 

Mr. Fred A. Riehle, Philadelphia, Pa. 

Mr. Morris Rosenbaum, Philadelphia, Pa. 
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LIBRARY NOTES. 


RECENT ADDITIONS. 
ALBERT, ARTHUR LEMUEL. The Fundamental Theory of Electrical Engineering 


1930. 
American Concrete Institute. Proceedings. Volume 27, 1931. 
American Gas Association. Proceedings. Twelfth Annual Convention. 192 


D£JARDIN, GEORGES. Les Quanta. 1930 

Dreyrus, Ropert. La Téléphonie. 1931. 

LuckiEsH, M., AND FRANK K. Moss. Seeing. A Partnership of Lighting and 
Vision. 1931. 

MacDoucaL, D.T. The Green Leaf. The Major Activities of Plants in Sunlight 
1930. 

MouLTon, Forest Ray. Astronomy. 1931. 

National Research Council. Physics of the Earth. Volume 2, The Figure 
the Earth. 1931. 

RrpaupD, Gustave. Traité de Pyrométrie Optique. 1931. 

Scott, WILFRED W. Essentials of Quantitative Chemical Analysis. 1931. 

STEWART, ALFRED W. Recent Advances in Organic Chemistry. Sixth editior 
Two volumes. 1931. 

TwyMan, F., AND D. M. SmitH. Wave-length Tables for Spectrum Analysis 
Second edition. 1931. 

Who's Who in Engineering: a Biographical Dictionary of the Engineering Profes 
sion. Third edition. 1931. : 


BOOK REVIEWS. 


TRAITE DE PyROMETRIE OPTIQUE, par Gustave Ribaud, Professeur A la Facult 
des Sciences de Strasbourg, Directeur du Laboratoire de Pyotométrie de la 
Fondation Edmond de Rothschild. Préface de M. Charles Fabry, Membre 
de l'Institut. xvi-452 pages, 8vo, cloth. Paris, Editions de la Revue 
d’Optique Théorique et Instrumentale, 1931. Price 95 francs. 


Over a long term of years engineers and physicists have steadily advanced the 
state of the art of high and low temperature measurements both in its practical 
aspects and from thermodynamic considerations. As a means of extrapolating 
the thermometric scale, the gas thermometer first, the electric resistance element 
and thermocouple thermometers, and finally visible and total radiation pyrometers 
have come into use. Unfortunately, the elements of resistance and thermocoup| 
pyrometers have proved subject to many irregularities at high temperatures, and 
investigations in recent years have been directed to the more promising method 
of the properties of optical radiation which are governed by the famous Wien 
Planck law of black body radiation which places the estimation of temperature 
upon a rationally deductive basis. 

Professor Ribaud covers the development and analysis of the theoretical and 
practical aspects of radiation pyrometry with unusual thoroughness and copious 
documentation. About one half of the work relates to analytical and experimenta! 
investigation of principles, much of it from the records of the Bureau of Standards. 
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The remainder applies more specifically to the application of these principles to 
the different forms of optical pyrometers which have come into use with a search- 
ing examination of their advantages and limitations. 

The treatise is one of rare value both as an exhaustive presentation of tem- 
perature measurement by radiation and as a copious source of systematic docu- 


mentation. 2 
LuciEN E,. PICOLEtT. 


DrELEcTRIC CONSTANT AND MOLECULAR StRuCTURE. By Charles Phelps Smyth, 
Associate Professor of Chemistry in Princeton University. American 
Chemical Society Monograph Series. 214 pages, illustrations, 8vo. New 
York, The Chemical Catalog Company, Inc., 1931. Price $4.00. 

This book should hold more than ordinary interest for the organic chemist. 
The rapid development of physical chemistry in the last two decades has evolved 
many theories and methods for studying the physical properties of chemical 
substances. These methods have proved to be of immense aid to the worker in 
organic chemistry, in his task of identification as well as the determination of 
constitution and structure. 

In ‘‘ Dielectric Constant and Molecular Structure’’ the author, Charles P. 
Smyth, has succeeded in making a very thorough survey of this field which holds 
for him such keen interest. He has carefully weighed the relative importance of 
the mathematical experimental, theoretical and data interpretational phases of 
his subject. As a result, we have a book which quite candidly points out that, 
even if ‘dielectric constant’’ data have not succeeded in clearing up many im- 
portant questions of chemical compound structure, the results at least have helped 
to make it more complicated. 

The book logically starts out with a chapter on the ‘‘ Mathematical Theory of 
the Dielectric Constant’’ in which the relation between dielectric constant, re- 
fractive index, electric moment and polarization is pointed out. Related to these 
Dielectric Constant and Electric Moment manifestations are such phenomena as 
the anomalous dispersion of radio frequencies by liquids and solids, electric double 
refraction in gases and liquids; electrostriction, a remarkable phenomenon shown 
by gases under the influence of an electric field, consisting of a contraction in 
volume or decrease in pressure. Polar compounds show other interesting evi- 
dences of their constitution through dipole rotation effects (rotation of a liquid by a 
rotating electric field) and molecular beams deflected by similar, stationary fields. 
Three principal methods of measuring dielectric constants are described, the more 
important ones being treated in considerable detail. 

The chapter on “‘The Relation of Electric Moment to Molecular Structure”’ 
indicates the dependence of electric moment upon the structure of the molecule and 
points the way for the utilization of such data in the determination of this struc- 
ture. In conclusion to the chapter on ‘‘ The Electric Moments of Molecules and 
Radicols’”’ the author points out that the introduction of an atom or group of 
atoms into a molecule may produce an electric moment which will be influenced 
by the nature of the rest of the molecule. Investigations of the organic cyclic 
compounds indicate the apparent absence of electric moment in benzene, diphenyl 
and naphthalene. Hence, it is to be concluded these substances are symmetrical 
in structure while the moments of the derivatives of benzene indicate this molecule 
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to have a plane hexagonal structure. Apparently there is very little connection 
between the electric moment ef a molecule and its chemical activity. The chapte; 
on “Electronic and Atomic Polarization”’ deals for the most part with the molecu 
lar, atomic and ionic refractions for vibrations in the range of visible light, th 
relation between these polarizations and the molecular refraction being ver 
definitely defined. In the study of molecular association, polarization measur: 

ments have disclosed many anomalies in the behavior of certain alcohols. At the 
moment such results have rather complicated the theories on the phenomena o/ 
association but they no doubt will be of immense value in the search for the true 
explanation. The book is provided with an appendix containing a list of chemical 


compounds and their electric moments. 
T. K. CLEVELAND. 


THE FUNDAMENTAL THEORY OF ELECTRICAL ENGINEERING. By Arthur Lemue! 
Albert, M.S., Assistant Professor of Electrical Engineering, Oregon State 
College, ix-323 pages, illustrations, tables, diagrams, 8vo. Boston, Ginn & 
Company. Price $3.20. 

The great strides in the technique of telegraphy, and telephony, the multipli 
ity of devices for railway train control, radio and other newcomers in the electrica! 
industry have brought new interests into the field of technical education. Some 
of these advances have come about from new developments of fundamental elec- 
trical theory, but they cannot all be included as major topics in a four-year course 
in electrical engineering which is already very much occupied with the considera 
tion of motors, generators and equipment for the control and transmission of 
current. Power is fundamental in all applications of electricity so that the 
principles which apply to electric power serve the student well also in the special 
industries which have only latterly achieved commercial importance. These 
specialties, the author says, can best be pursued by service in these industries. 
Accordingly, he has dealt fully only with fundamental electrical phenomena with- 
out overemphasizing their application to particular branches of electrica! engineer- 
ing. Besides the conventional topics of the principles of direct and alternating 
current theory, thermionic devices have been briefly treated in the chapter on the 
conduction of electricity through gases. The chapters on the theories of electric 
ity, and on the dielectric circuit are also in harmony with modern views of the 
subject. The large number of well-chosen examples and the numerous references 
for collateral reading add materially to the value of this lucid and well arranged 
text. 

Lucien E. PIcovert. 


NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 
Report No. 394, Airship Model Tests in the Variable Density Wind Tunnel, 
by Ira H. Abbott, 24 pages, illustrations, quarto, Washington, Govern 
ment Printing Office, 1931, price twenty cents. 


An investigation of the aerodynamic characteristics of airship models was 
made in the variable density wind tunnel of the Committee. Eight Goodyear- 
Zeppelin airship models, supplied by the Bureau of Aeronautics of the Navy 
Department, were tested in the original closed-throat tunnel. After the tunnel 
was rebuilt with an open throat a new model was tested, and one of the Goodyear- 
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Zeppelin models was retested. These tests were made at tank pressures varying 
from 1 to 20 atmospheres, and the extreme range of Reynolds Number was about 
1,000,000 to 40,000,000. The lift, drag, and moment coefficients of the models 
were determined, and the effects upon these coefficients of pitch, fineness ratio, 
scale, surface texture, initial degree of air-stream turbulence, and the effects of the 
addition of fins and cars were investigated. The resulting curves are included. 

The results show that the addition of fins and car to the bare hull of a model 
causes an increase in lift at positive angles of pitch and causes an additional drag 
which increases with the pitch. Little change in drag coefficient was found be- 
tween a fineness ratio of about five and seven. The effect of surface roughness on 
drag was found to be very large. The drag coefficient and the apparent effect of 
scale depend upon the initial degree of air-stream turbulence. The results indicate 
that much may be done to determine the drag of airships from evaluations of the 
pressure and skin-frictional drags on models tested at large Reynolds Numbers. 


Report No. 395, A New Principle of Sound Frequency Analysis, by Theodore 
Theodorsen, 15 pages, illustrations, quarto, Washington, Government 
Printing Office, 1931, price fifteen cents. 


In connection with a study of aircraft and propeller noises, the Committee has 
developed an instrument for sound-frequency analysis which differs fundamentally 
from previous types, and which owing to its simplicity of principle, construction, 
and operation, has proved to be of value in this investigation. The method is 
based on the well-known fact that the ohmic loss in an electrical resistance is equal 
to the sum of the losses of the harmonic components of a complex wave, except for 
the case in which any two components approach or attain vectorial identity, in 
which case the ohmic loss is increased by a definite amount. This fact has been 
utilized for the purpose of frequency analysis by applying the unknown complex 
voltage and a known voltage of pure sine form to a common resistance. By vary- 
ing the frequency of the latter throughout the range in question, the individual 
components of the former will manifest themselves, both with respect to intensity 
as well as frequency, by changes in the temperature of the resistance. This prin- 
ciple of frequency analysis has been presented mathematically and a number of 
distinct advantages relative to previous methods have been pointed out. Among 
these is the fact that the frequency discrimination or resolving power is inherently 
large and remains constant for the entire working range. No difficulties exist 
as to distortions of any kind. The fidelity of operation depends solely on the 
quality of the’associated vacuum-tube equipment 

An automatic recording instrument embodying this principle is described in 
detail. It employs a beat-frequency oscillator as a source of variable frequency. 
A large number of experiments have verified the predicted superiority of the 
method. A number of representative records are presented. 


BULLETIN OF THE NATIONAL RESEARCH CouNcIL, Number 78—Physics of the 
Earth II, The Figure of the Earth, a collection of short papers written by 
leading scientific men in several branches of geophysics, and treating of the 
size and shape of the earth, 286 pages, illustrations, 8vo. Washington, 
National Academy of Sciences, 1931. Price $3.50. 


Students of geophysics will find this compendium particularly interesting. 
The several papers prepared by men, authorities in their several fields, give the 
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lay reader insight into the present problems of the earth’s figure. This achieve 
ment should satisfy the fond wish of Dr. J. S. Ames who was so tireless in promoting 
the Physical Sciences as chairman of that division of the National Council. 
Statisticians assure us that figures never lie. Geophysicists are not so r 

assuring about the figure of mother earth. One feels very unsteady after reading 
of the movements of isostasy while the surge of the tides not only on the sea but 
also the land leave one with a very present sense of nausea. One at least realizes 
the loose meaning of sea-level which should be reduced to a mean sea-level fo: 
purposes of careful measurement. No brief statement can do justice to the abun 
dance of careful work behind these papers that not only tell of the gravity and 
tides of the earth but also of the forces of equilibria which urge and restrain a 
spinning mass of varied density and uneven surface—the earth on which we liv: 


in a fancied security. 
Howarp W. ELKINTON. 


PUBLICATIONS RECEIVED. 


The Structure of Crystals, by Ralph W. G. Wyckoff, 497 pages, illustrations 
8vo. New York, The Chemical Catalog Company, Inc., 1931. Price $7.50. 

Electrochemistry, Principles and Practice, by C. J. Brockman, Industria! 
Chemical Monographs, 348 pages, illustrations, 8vo. New York, D. Van Nostrand 
Company, Inc. Price $4.00. 

Dielectric Constant and Molecular Structure, by Charles Phelps Smyth, Ameri 
can Chemical Society Monograph Series, 214 pages, diagrams, tables, 8vo. New 
York, The Chemical Catalog Company, Inc., 1931. Price $4.00. 

Thermodynamics by Alfred W. Porter, 96 pages, diagrams, 16mo. New York 
E. P. Dutton & Company, Inc. Price $1.10. 

The Commutator Motor, by F. J. Teago, 80 pages, diagrams, 16mo. New 
York, E. P. Dutton & Co., Inc. Price $1.10. 

Photochemistry, by D. W. G. Style, 96 pages, diagrams, 16mo. New York 
E. P. Dutton & Co., Inc. Price $1.10. 

Messentladungsstrecken (Ionenstrecken), von Dr.-Ing. Siegfried Franck, 192 
pages, diagrams, tables, 8vo. Berlin, Julius Springer, 1931. Price 18.50 marks 

U. S. Bureau of Standards, Circular No. 393, Reclaimed Rubber, by A. 1 
McPherson, 22 pages, tables, 8vo. Washington, Government Printing Of. ce 
1931. Price ten cents. 

National Advisory Committee for Aeronautics, Technical Notes: No. 392 
Tests of N.A.C.A. Airfoils in the Variable-Density Wind Tunnel, Series 45 and 65, 
by Eastman N. Jacobs and Robert M. Pinkerton, Langley Memorial Aeronautical! 
Laboratory, 30 pages, diagrams, quarto, Washington, Committee, 1931. No. 393 
An Investigation of Cotton for Parachute Cloth, by Wm. D. Appel and R. K. Wor 
ner, Bureau of Standards, 21 pages, tables, quarto, Washington, Committee 
1931. No. 394, The Prevention of Ice Formation on Gasoline Tank Vents, by 
Theodore Theodorsen and William C. Clay, Langley Memorial Aeronautical Lab 
oratory, 7 pages, tables, plates, diagrams, quarto. Washington, Committee 
1931. 

Bell Telephone Laboratories, Monographs: No. B-581, The Projection of Paral 
lax Panoramagrams, by Herbert E. Ives, 13 pages, diagrams, 8vo. B-582, A 
New Design of an Ionization Manometer, by E. K. Jaycox and H. W. Weinhart, 
II pages, diagrams, 8vo. New York, 1931. 
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MEMBERSHIP DIRECTORY 


(MEMBERS ARE RESPECTFULLY URGED TO REPORT 
CHANGES OF ADDRESS) 


RESIDENT CONTRIBUTING MEMBERS 


AMERICAN ENGINEERING COMPANY, Wheatsheaf and Sepviva Streets, Philadelphia, Penna. 
BENNETT, JOSEPH S., 3rd, 274 Forrest Road, Merion, Penna. 

GIBBS, WI LD S., 2001 E. Cambria Street, Philadelphia, Penna. 
LANDENBERG, H. W., 6138 North Eleventh Street, Philadelphia, Penna. 
OBERHOLTZER, PAUL N., 7122 Woolston Road, Philadelphia, Penna. 
WELLS, H., 14 Park Road, Lianerch, Penna. 

THE AJAX METAL COMPANY, Frankford Avenue and Richmond Street, Philadelphia, Penna. 
AD. Ss, » The Ajax Metal Company, Frankford Avenue and Richmond Street, 
Philadelphia, Penna. 

R, 6. H., Metallurgist and Chemist, The Ajax Metal Company, Frankford Avenue 
and Richmond Street, Philadelphia, Penna. 

MOSLEY, BROOK, Chemist, 702 Lincoln Avenue, Willow Grove, Penna. : 
WILLCOX, DUDLEY, Treasurer and Assistant General Manager, The Ajax Electrothermic 
Corporation, Trenton, N. J. : 
baie = ; Jo Be The Ajax Metal Company, Frankford Avenue and Richmond Street, Phila- 

delphia, Penna. 

ATWATER KENT MANUFACTURING COMPANY, Wissahickon Avenue and Abbottsford 

Road, Philadelphia, Penna. 

AIKEN, F Chief Engineer, 474 West Manheim Street, Philadelphia, Penna. 
ASHWORTH, HAROLD, 4925 Pulaski Avenue, Philadelphia, Penna. 

“yt Fad di Electrical Engineer, 232 West Walnut Lane, Philadelphia, Penna. 
GILMAN NELIN W., 4700 Wissahickon Avenue, Germantown, Philadelphia, Penna. 
KINGSFORD RUSSEL T., Engineer, 808 Glenside Avenue, Wyncote, Penna. 
MILLE OHN M., 1010 West Upsal Street, Germantown, Philadelphia, Penna. 
PLACE MUEL, Radio Engineer, 622 Stanbridge Street, Norristown, Penna. 
SCHWANK ‘AMES L., Engineer, Alden Park Manor, Germantown, Philadelphia, Penna. 
TARZIAN, S, 5015 Copley Road, Germantown, Philadelphia, Penna. 
TUSKA, C. D., Electrical Engineer, 717 West Mt. Airy Avenue, Mt. Airy, Philadelphia, Penna. 

THE BELL TELEPHONE COMPANY OF PENNSYLVANIA, 1835 Arch Street, Philadelphia, 


enna. 
BEMENT, A. C., The Bell Telephone Company of Pennsylvania, 1835 Arch Street, Philadel- 
pe. Penna. 
EVANS, FRANK B., Jr.» Assistant Vice-President, Wynnewood, Penna. 
HENDRIXSON, L. H., The Bell Telephone Company of Pennsylvania, 1835 Arch Street, 
Philadelphia, Penna. é 
N, D. S., The Bell Telephone Company of Pennsylvania, 1835 Arch Street, Phila- 
delphia, Penna. . 
s oa M., The Bell Telephone Company of Pennsylvania, 1835 Arch Street, Philadel- 
ia, Penna. 
KERCHER, M. A., The Bell Telephone Company of Pennsylvania, 1835 Arch Street, Phila- 
delphia, Penna. 2 
US, C. R., The Bell Telephone Company of Pennsylvania, 1835 Arch Street, Philadelphia, 


enna. 
pone, P., Electrical Engineer, 905 Pasadena Avenue, Fox Chase, Philadelphia, Penna. 


MCALLISTER, T. S., The Bell Telephone Company of Pennsylvania, 1835 Arch Street, Phila- 
detphia, Penna. : 
PATTON, O. M., The Bell Telephone Company of Pennsylvania, 1835 Arch Street, Phila- 

delphia, Penna. Y 
PFROMMER, JOHN S., The Bell Telephone Company of Pennsylvania, 157 South Main 
Street, Sellersville, Penna. : 

N, F. R., The Bell Telephone Company of Pennsylvania, 1835 Arch Street, Phila- 
delphia, Penna. ; 
Ts R. L., The Bell Telephone Company of Pennsylvania, 1835 Arch Street, Philadel- 
ia, Penna. 
IAMS, T. W., The Bell Telephone Company of Pennsylvania, 1835 Arch Street, Phila- 
delphia, Penna. 
, G. E., The Bell Telephone Company of Pennsylvania, 1835 Arch Street, Phla- 
delphia, Penna. ‘ 
. G. re we SADOFACTURING COMPANY, 25th Street and Hunting Park Avenue, Phila- 
elphia, Penna. 
BUDD, EDWARD G., Jr., 216 East Sedgwick Street, Mt. Airy, Philadelphia, Penna. 
KELLEY, DR. GEORGE, 6804 McCallum Street, Philadelphia, Penna. 
GODSCHALL, CHARLES, 1017 W. Tabor Road, Philadelphia, Penna. 
GRAF WALTER, 422 Roslyn Avenue, Glenside, Penna. 
HOCHREITER, EDWARD, Qu Wayne Apartments, 5224 Wayne Avenue, Germantown, 
piedelphia, Penna. 
KUEHN, ODORE, 3232 North 26th Street, Philadelphia, Penna. 
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RApOWCnOeT, AL., 187 Annsbury Street, Philadelphia, Penna. 
NOON, JOHN R., 4058 North 12th Street, Philadel Penna. 
ay oa Terrace, Norristown 


. Penna. 
WI Avenue, Chestent Hill, Philadelphia, Pennz 
LEEDS & NO SkinnUE ok W. Springs > 4901 Stenton Avenue, Philadelphia, Penna. 
BARBA, MIL B., Sales Engineer E. Gravers Lane, Chestnut Hill, Philadelp 


FEHR, DR. LEO, Research Engineer, Leeds & Northrup Company, 4901 Stenton Aven 


ne geiphia. M. J., Sales Manager, Leeds & Northrup Company, 4901 Stenton Avenue, P! 


delph 
RIGHTCLIFFE. NORMAN J., 7422 Beverly Road, Philadelphia, Penna. 
. K., R. D. No. 2, Lansdale, Penna 
5 AUL HARRISON, Research Physicist, 252 High Street, Germantown, Philadelp! 


DOYLE.’ E. D., Patent Engineer, Leeds and Northrup Company, 4901 Stenton Avenue, Ger 
mantown, moms Penna. 


aay ~~ WILLAR ch Chemist, 76 E. Logan Street, Germantown, Philadelp 


mane id Research Engineer, 805 Trinity Avenue, Ambler, Penna. 

HESS c., Sonn Assistant wg pe ay 712 Tennis Avenue, Ambler, Penna. 

HESS, [061 s & Northrup Company, 4901 Stenton Aven 
Philadel JS 


MIL OBERT D DENNISTON, Salesman, 7231 Limekiln Pike, Philadelphia, Penna. 
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CARY, be REE D, Vice-President, Leeds & Northrup Company, 4901 Stenton Avenue, Philadel- 
ia, Penna. 
CASSELMAN, WM. S., Attorney-at-Law, Secretary, West Jersey Title and Guarantee Company, 
3rd and. Market Streets; for mail, 317 Penn Street, Camden, N. 
ems HOWARD, Chambers Brothers Company, Founders and Machinists, 52nd Street 
= hae eveaue, Philadelphia, Penna. 
CHANCE, ‘DR. EDWIN , Consulting Chemist and Engineer, c/o Day & Zimmermann, 112 
North Broad aes Philadelphia Penna. 
em Rong HENR .» Mining Engineer and Geologist, 839 Drexel Building, Philadelphia, 


CLAIR} ELIZABETH LONG, Chemist, 317 Euclid Avenue, Ambler, Penna. 
CLARE, EDW. L., Engineer, clo Clark & Melia, Incorporated, N. E. Cor. 17th and Vine Streets, 
Philadelphia, Penna. 
E. W., Banker, 321 Chestnut Street, Philadelphia, Penna. 


Ps ‘6. wae Attorney-at-Law, Highland Avenue, Chestnut Hill, So gimmie Penna. 


CLARKE Consulting Engineer, P. O. Box 26, Haverford, Pen 

CLEVELAND, D Pie .» Research Chemist, 4060 Ellendale Road, Seenal Hill, Penna. 

co Ta. Chamine American Dyewood Company, Chester, Penna. 

COLLINGWOOD j. REED, Buyer, 954 Public Ledger Building, 6th and Chestnut Streets, 
Philadelphia, Penna. 
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COLLOM, SAMUEL H., President, Pennsylvania Flexible Metallic Tubing Company, 
worse and Powers Lane, Philadelphia, Penna. 

CONN, CHARLES F., President, Giant Portland Cement Company, Pennsylvania Buil: 
Mpniledelphic, Penna. 

COOKE, M.L., Consulting Engineer and Acting Director, 1520 Locust Street, for mail, St. Geor 
Road, Mount Airy Post Office, Philadelphia, Penna. 

COOKSON, RAYMOND B., Electrical and Mechanical Engineer, 5243 Warrington Ave 


COPE, DR. OMAS D., ‘Assistant Professor of Physics, Randal Morgan Laboratory of Ph 

BLL, HOWAR Pennsylvania, Philadelphia, Penna. 

bammar ~~ Tags ARD E., Naval Architect and Engineer, 1035 Public Ledger Building, P 
ia, Penna. 


beg Hy L. Mechanical Engineer, 609 ry Gravers Lane, Chestnut Hill, Philadelphis 1, Per 
CRA NCIS L., 6223 Greene Street, Germantown, Philadelphia, Penna. 

CRAMPTON D . GEORGE s., Physician, 2031 Locust Street, Philadelphia, Penna. 
CREIGHTON, mR. H. JERMAIN, Professor of Chemistry, Swarthmore College, Swarthmor 


RENSHAW, Ww peWny.’ Professor Physical Chemistry, Bryn Mawr, Penna. 
CREW Mechanical Engineer, Viscose Company, Marcus Hook, Penna. 
CROASDALE, OHN P., Attorney-at-Law, 1011 Chestnut Street, Philadelphia, Penna 
CROOK, D, Vice-President and General Manager, Phoenix Roll W: orks, 1506 Wicd 
Biting itee ee Penna. 
CROWELL Chemical Engineer, 106 Towanda, Oak Lane, Philadelphia, Pen: 
CUMMINGS. JOHN J., "Radio and Electricai Engineer, 434 North 7th Street, Camden, New 


Sie 
CURL, DA B., ies Philadelphia Quartz Company, 121 South 3rd Street, Philadelphia, for 


CURTIS, i: Wayne, Pr K., Publisher, President Public Ledger and Curtis Publishing Compx 
mihilage hia, Penna. 
OTT, President and Treasurer, The United States Metallic Packing Compa 
3 Nosth 13th Street, Philadelphia, Penna. 


CURWEN, SAMUEL M., President, J. G. Brill Company, 61st Street and Woodland Aven 
fo. wiih. Penna. 
CUSHING, LIAM C., Engineer of Standards, The Pennsylvania Railroad Company, R: 


1658, 1617 Pennsylvania Boulevard, Philadelphia, Penna. 
DANNENBA , HERMAN N., Vice-President, National Ammonia Company, Frankfor 
Philadelphia, Penna. 
st P. T., Assistant Engineer of Works, United Gas Improvement Company, Br 
d Arch Streets, Philadelphia, Penna. 
DAVIS, "BERNARD, 4631 Adams Avenue, Philadelphia, Penna. 
DAVIS, CARLETON E., Civil Engineer, c/o Philadelphia Suburban Water Company, 762 Lan 
ter Avenue, Bryn. Mawr, Penna. 
DAWES, JAMES H., General Contractor, 1310 Arch Street, Philadelphia, Penna. 
DAWSON, EDWARD, Design Draftsman, Sperry Gyroscope Company, Brooklyn, N. 
mail: 6111 McCallum Street, Germantown. Philadelphia, Penna. 
DEETER, PAXSON, Lawyer, 1718 Packard Building, Philadelphia, Penna. 
DE ERAYET. WILLIAM, Treasurer, The Baldwin Locomotive Works, 1790 Broadway, New 
York City, N. Y.; for mail, 225 South 18th Street, Philadelphia, Penna. 
DELBRIDGE, IR. T. G., Chemist, Atlantic Refining Company, 260 South Broad Street, Ph 
del hia, Penna. 
DESHON( . to th? T., Superintendent, Philadelphia Electric Company, Philadelphia, Penn 
, ALBERT CHRISTIAN, Retired Naval Officer, 146 West Chelten Avenu 
nee hase! hy Penna. 
DILEK: R =. 8201 St. Martin's Lane, Chestnut Hill, Philadelphia, Penna. 
DILLENDECK C CLARK, Civil Engineer, 518 East Mermaid Lane, Chestnut Hill, Philadelp! 


DISSTON, we. D. Monsiecturer, c/o Henry Disston & Sons, Tacony, Philadelphia, Penna 
DOBSON, WM. ALEXANDER, Naval Architect, 56 South Fairway, North Glenside, Penna 
DOHAN, ‘WILLIAM RIPPLUER, Engineering Department, Victor Talking Machine Compa: 


Camden, N. J. 

DOUGHERTY, THOMAS H., Jr., Banker, Maplewood Road, Wayne, Penna. 

DounEDOST BERNARD L., 227 South Front Street, Philadelphia, Penna. 

DOW WILLIAM FINDLAY, Engineer and Vice-President, Day & Zimmermann, Inc., 112 
North Broad Street, Philadelphia, Penna. 

DOYLE, WM. J., Contractor and Builder, 1519 Sansom Street, Philadelphia, Penna. 

DREXEL, Oo R., 112 Drexel Building, Philadelphia, Penna. 

DUGAN, “4 = HOWARD, Retired Mechanical and Mining Engineer, 721 Sandy Street, Norris 
town, Penna. 

DURHAM, WILSON NORRIS, President, Durham & Company, Incorporated, 2006 Chestnut 
Street, Philadelphia, Penna. 

ECKERT, SAMUEL TZ, Oil Refiner, Sun Oil Company, 1608 Walnut Street, Philadelphi 


Penna. 
EGLIN, ARCHIBALD C., Jr., 55 Merbrook Lane, Merion, Penna. 
EGLOFF, CHARLES B., Chemical Engineer, Charles Lennig & Company, Bridesburg, Penna 
HRENFELD, FREDERICK, Consulting Geologist, In charge of Department of Geology an 
Mineralogy, College Hall, University of Pennsylvania, Philadelphia, Penna. 
EHRET, — LIUS D., Patent Lawyer, 6911 Clearview Street, Mount Airy, Philadelphia, 


Pen 
EKSERGIAN, DR. R., Engineer, E. I. DuPont de Nemours & Company, Wilmington, Del. 
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ELKINTON, HOWARD W., Assistant Manager, Foreign Department, Philadelphia Quartz 
Com 121 South Third Street, Philadelphia, Penna. 
ELLIOT, EDWIN, Foundry Superintendent, 403 West Price Street, Germantown, Philadelphia, 


ELLIS, WM.GO GODEY, Engineer, 515 Atlantic Building, Philadelphia, Penna. 
ELLMS, ROBERT WILTON, Mechanical Research Engineer, Philadelphia Coke Company, 4501 
Richmond Street, Philadelphia, Penna. 
ERICKSON, R. B., Metallurgist, 1726 Roslyn Street, Philadelphia, Penna. 
ERNE, ALFRED D, Clerk, Smith, Kline & French Company, Philadelphia; for mail, 20 East Athens 
venue, Ardmore, Penna 


"Aven 
EVANS, HENRY C., carted College, Haverford, Penna. 
EVANS, JAMES DANIEL, Attorney, Executive, 2035 Washington Avenue, Philadelphia, Penna. 
EVANS, . B., Mechanical Engineer, United Gas Improvement Company, Broad and Arch Streets, 
Philadel hia, Penna. 
EVANS, PO LL, President, 2035 Washington Avenue, Philadelphia, Penna. 
EVANS, WAYNE 8., Manufacturer of Metal Goods, 4623 Paul Street, Frankford, Philadelphia, 


a H., Vice-president, The Reading Company, Philadelphia, Penna. 
Insurance Broker, 311 Finance Building, Philadelphia, Penna. 

oy RNUM EDWAR ARDS » Jr., Attorney, 1528 Land Title Building, Philadelphia, Penna. 

FEL HEIM, YREDERICK’ s., Electrical Engineer, General Electric Company, 6901 Elmwood 

wo Philadelphia, Penna. 

FELS, MAURICE, Garden Court, 47th and Pine Streets, C 510, Philadelphia, Penna. 

FELS, SAM x Soap Manufacturer, 39th and Walnut Streets, Philadelphia, Penna. 

FELTON, = » President, Pennsylvania Steel Company, G and Venango Streets, Philadelphia, 


FERNALD, y, DR. R. H., Whitney Professor of Dynamical Engineering, Mechanical Engineering 
ment, University of Pennsylvania, Philadelphia, Penna. 
FISHER, THOMAS, General Manager, Berwind White Coal Mining Company, 1100 Commer- 
cial Trust Building, Philadelphia, Penna. 
FITTS, ae Fees. Came os age Engineer, c/o Warren Webster & Company, 17th and Federal 
ts, Camden, 
FITZMAURICE, W My, Civil Engineer, 747 Marlyn Road, Philadelphia, Penna. 
aa ‘JAME Chemical Engineer, Delaware Avenue and Tasker Street, Philadel- 


Pen: 
FLOWERS, JOHN B., Electrical Engineer, Naval Aircraft Factory, U. S. Navy Yard, Phila- 
delphia, Penna. 
FLYNN, Y FRANELIN, Civil Engineer, U. S. Engineers Office, 1109 Gimbel Building, 35 
South Ninth Street, Philadelphia, Penna. 
teas ~~, DAVID ALDUS, Physical Research, Rockefeller Hall, Cornell University, 


FOSTER.” SUNCAN GRAHAM, Teacher, Swarthmore College, Department of Chemistry, 
rthmore, Penna. 
FOULKE va o BAYARD, Salesman, 424 Land Title Building, Philadelphia, Penna. 
FRANCIS, 1 ee Consulting Mechanical and Electrical Engineer, 1520 Locust Street, Philadel- 
ia, 
FRA N, BENJAMIN, Civil and Consulting Engineer, 906-7 Crozer Building, Philadelphia, 


Pen 
FRANCIS, JAMES B., Staff Assistant, Commercial Department, Bell Telephone Company, 1935 
rch Street, Philadelphia, Penna. 
<—m™ H., Banker, 1016 Packard Building, Philadelphia, Penna. 
Re Sugar Refiner, Lock Box 1630, Philadelphia, Penna. 
TER HERBERT, Engineer, United Gas Improvement Company, Room 806, 
Broad and Arch Streets, Philadelphia, Penna. 
FUNK, N. E., Chief Engineer, Philadelphia Electric Company, 1000 Chestnut Street, Philadelphia; 
for mail: 715 Panmure Road, Haverford, Penna. 
FURNESS, RADCLYFFE, Engineer of Research, Midvale Steel Company, 4300 Wissahickon 
Avenue, Philadel hia, Penna. 
GALLOWAY, S D., Mechanical Engineer, Electric Storage Battery Company, 19th 
Street and ane Avenue, Philadelphia, Penna. 
GARTIEN W ae » Retired, 2100 Washington Avenue, Philadelphia, Penna. 
GART Woe "Engineer. United Gas Improvement Company, Broad and Arch Streets, 
Philadelphia, Penna. 
GEISER, W. D., Electrical Tester, 2301 Market Street, Philadelphia, Penna. 
GERHARD, D, ARTHUR HOWELL, Manufacturer and Instructor in Medicine, 1615 North Dela 
re Avenue Philadelphia, "Penna. 
GIBBONS, JOSE SEPH E., Petroleum Technologist, Atlantic Refining Company, 3144 Passayunk 
Avenite, Philadelphia, Penna. 
GIBBS, eo see. Pennsylvania Salt Manufacturing Company, Widener Building, Phila- 


GILL, aa WD. C Chemical Engineer, Atlantic Refining Company, 260 South Broad Street, Phila- 
enna. 
OHN H., Chemist, 134 High Street, Sharon Hill, Penna. 
NCIS H., Gas Engineer, 30 Edgemont Avenue, Summit, New Jersey. 
GOLDBAUM a Research Chemist, 4234 Spruce Street, Philadelphia, Penna. 
MITH, E N M., Manufacturer, Friedberger, Aaron Manufacturing Company, Logan 
Station, "Philadephia, * Penna. 
GOODSPEED, D R. ARTHUR W.., Professor of Physics, University of Pennsylvania, Philadelphia, 


GOODWIN: ‘HAROLD, Jr., Electrical Engineer, 313 Maple Avenue, Wyncote, Penna. 
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— <q A., Electrical Engineer, 121 West Tulpehocken Street, Germantown, Phi 


GRAHAM, Wi WALTER F., Metallurgist, Caskey Brass & Bronze Works, Incorporated, Richmond 
and York Streets, Philadelphia, Penna. 
GRAVELL, J. HARVEY, President and Engineer, American Chemical Paint Company, Amb: 


games JOHN, Gas Gas Meter Manufacturer, 1513 Race Street, Philadelphia, Penna. 
coe Meter Manufacturer, 1513 Race Street, Philadelphia, Penna. 
OMAS H.,C vil Engineer, 1835 Arch Street, Philadelphia, Penna. 
GRIESE, FRANK H. Chie ate. Viscose Company, Marcus Hook, Penna. 
GRISCOM LESLIE, Mechanical and Electrical Engineer, c/o John Lang Paper Company, 24: 


cod Streets apne. 
GROSSCUP HENRY ARTHUR, Salesman, 17 North 30th Street, Camden, New Jersey. 
GROVE, S FELTON, Chemist, 2815 Grays Ferry Road, Philadelphia, Penna. 

GuckEh F | & em vil Engineer and Contractor, 1450 Real Estate Trust Building, Philadelp 


. BERKELEY, Mechanical and 5 Conquting Engineer, 901 Architects Build 
17th "and Sansom Streets, Philadelphia, Pen 
HAINES, Sreoee Cc. Chemist, 625 Avondale » A Haddonfield, New Jersey. 
HAI AR WISTAR, vil Engineer, 6026 Germantown Avenue, Philadelphia, Penna 
eLA RENCE A Cenc Engineer, Electric Storage Battery Company; for mail, 795 
Winston Road, “Chest 3 Hill, Philadelphia, Penna. 


HALSEY, EDWARD B., 
HANTHORN, JOS. R., Mechanical Engineer, 4135 Girard Avenue, Philadelphia, Penna. 
HARRISON r. R., Research Manager, The Brown Instrument Company, Philadelphia, Penna 


HART, C P.O O. Box 148, Media, Penna 

HARTING, HUGH ERNEST, Instructor in Chemistry and d Biology, Temple University; for ma 
6439 Clearview Street, ‘Germantown, Philadelphia, Pen 

HARTZEL, F. Ok, Manufacturer, Carburetted Water Gas Miz. 414 Hellerman Street, Phila 


delphia, Pen: 
= AwTHoly A., Manufacturer of Medical Instruments, 117 W. Luray Street, Phi! 
elp 

nie -~-* — President, American Dredging Company, 308 Chestnut Street, Phila 


e' 
HEILPRIN. ¥ WILLIAM A., Machinery Merchant and Engineer, 124 North 3rd Street, Philad 


ge lee. 
HEND N, LAWRENCE M., Su Research Chemist, The Atlantic Refining Compa: 
3144 Passyunk poerae. Phi oy 
HEPBURN, DR. JOSEPH S.., Biological Chemist, ‘Associate Professor of Chemistry, Constantine 
Hering Laboratory, eee Medical ‘College, 235 North 15th Street, Philadelp 


ALBERT. ALR ATINE, 3: 1233 Rising Sun Avenue, Philadelphia, Penna. 

HIBRGESELL, VALE Scientific Instrument Maker, Hiergesell Brothers, 2518 Nort 
Broad Street, Philadelphia, Penna. 

ag EDMUND SAFFORD, 353 Lodge’s Lane, Bala-Cynwyd, Penna. 
GHTOWER, ci ioe Chemical Engineer, The Barrett Company, Margaret and Bermuda Street 
_ ae NNETT, Chief Chemist, Atlantic Refining Company, Philadelphia; for m 


pra tee B., a Chemist, 206 South 24th Street, Philadelphia, Penna. 
CARROLL, Electrical Engineer, c/o The Electric Storage Battery Company, 19th Stre 
Allegheny Avenue, Philadelphia, Penna. 


FFM cAN. esman. 
HOLLAND, WALTER E., Chief Engineer, Philadelphia Storage Battery Company, Ontario a: 
Stents. Philadelphia, Penna. 

HOLLI Consulti eer, 311 Elm Avenue, Swarthmore, Penna. : 

HOLROYD, R HOWARD esearch Engineer and Physicist, Westinghouse Electric an: 
Sieetiacpesinn Company, “Lester, Penna 

HOLST, L. J. R., Mechanical ngineer, 26 Haward Road, Upper Darby P. O., Brookline, Penna 
NG,E NEST L., Mechanical Engineer, S. W. Cor. 9th and Sansom Streets, Philadelph 


Penna. 
HOUSTON, SAMUEL F., Trustee, 512 Real Estate Trust Building, Philadelphia, Penna. 
HOWAR AnD. ‘WILFRED, Instructor in Physics, Academy of the New Church, Bryn Athyn, Penna 
HOWSON, CHARLES — Patent Solicitor and Engineer, 123 South Broad Street, 23: 
Floor, Philadelphia, Pen 
nove ag Patent Solicitor and Engineer, 123 South Broad Street, 23rd Floor, Phil 


HOWSON, RICHARD 123 South Broad Street, 23rd Floor, Philadelphia, Penna. ; 
HU HARLES Ww. Vice-President, United Gas Improvement Company, 1401 Arch Street, 


Philadel hia Penna. 

HURST, WILLTAM, Machinist, 234 East Third Street, Media, Penna. 

HUTTI R, W W.R., Mechanical Engineer, 86 East Greenwood Avenue, Lansdowne, Penna. 

HYATT BROW WN, Radio Experimenter, Melrose Park, Penna. i 

IDDLES, AL ALFRED, Engineer, Day & Zimmermann, Inc., Philadelphia; for mail, 203 Orchard 
Way, Wayne, Penna. 

INDAHL, MA z C., Mechanical Engineer, Panther Road, Rydal, Penna As 

INGERSOLL, CHARLES EDWARD, Attorney-at-Law, President, Central National Bank, 313 
Lafayette Building, Sth and Chestnut Streets, Philadelphia, Penna. , 

“i. Vice-President and General Manager, The Atlantic Refining Company, 260 Sout! 

Broad Street, Philadelphia, Penna. 
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ISRAEL, JCS. D., one Manager, Philadelphia Electric Company, 1000 Chestnut Street, 


hia, 
ves, ae an —_ 1753 North 15th Street, Philadelphia, Penna. 
AC. Paik. STEELL, Patent Attorney, 1011 Chestnut Street, Philadelphia, Penna. 
jan ane, FRED Les President, Watson & McDaniel Company, Noble Street West of Sixth, Phila- 


JAMES: FOY, Manager, Industrial Division, Westinghouse Electric & Manufacturing 
Com wee bane for mail, 6920 Boyer Street, Mount Airy, Philadelphia, Penna. 
C W., Room 908 Lafayette Building, Philadelphia, Penna. 
FERRIES. WILLIAM j.'s J., Metallurgical, Chemist, 812 Serrill Avenue, Yeadon, Delaware County, 
JENKINS, THEODORE F., Can woe Pg sae 2315 Fidelity-Philadelphia Trust Building, Broad 
and epee Streets, Philadelphia, P enna. 
Business Photographer, 10 South 18th Street, Philadelphia, Penna. 
Chemist, 210 South 39th Street, Philadelphia, Penna. 
Electrical Engineer, Westinghouse Electric & Manufacturing Company, 
* Walnut ene ag ae wa ia, Penna. 
JOHNSON: “ERNEST DWARD, Professor of Physics, Northeast High School; for mail, 5850 
6th Street, we lladelghin: Penna. 
JOHNSON, J. C., General Superintendent of Telegraph, 332 North Lansdowne Avenue, Lans- 


owne, Penna. - 
JOHNSON, WILLIAM A., President, Williams, Brown & Earle, 918 Chestnut Street, Philadel 
. na. 
JOHNSON, W. H., President, Philadelphia Electric Company, 1000 Chestnut Street, Philadel- 
. renna. 
JOHNSTON, C. M., Engineering and Railroad Contractor, 1537 Commercial Trust Building, 


Philadelphia, Penna 
, SAMUEL i EDWARD, Chemist, 468 Chester Pike, Norwood, Penna 
ONES, # NIS, Banker, S. W. Cor. 15th and Chestnut Streets, Philadelphia, Penna. 
HARRY Merchant, N. W. cor. 11th and Filbert Streets, Philadelphia, Penna. 
EALTENTHALER,” H. 3, Manufacturer of Steam Specialties, 6457 Woodbine Avenue, Over- 
brook, Philadelphia, Penna. 
KAVANAUGH, WILLIAM H., Professor of Experimental Engineering, Towne Scientific School, 
University of Pennsylvania, Philadelphia, Penna 
, Textile Manufacturer, Clifton Heights; for mail, 48 E. Stewart Avenue, Lans- 
enna. 
HARRY H., Engineer, Jenkintown, Penna ‘ 
FRANK G.., Jr., President, Logan Iron & Steel Co., 1218 Stephen Girard Building, 


hey Vice-President, Pennsylvania Railroad Company, Broad Street Station, 


ONARD. re. , Hydro-Electrics, 630 Winsford Road, Bryn Mawr, Penna. 
H., Mechanical Engineer and Executive, Kent Manufacturing Company, 
Clifton Heights, Penna. 
RLIN, W. D., Secretary and Treasurer, Camden Forge Company, Camden, New Jersey. 
BWM. M Manufacturer, 1343 Arch Street, Philadelphia, Penna. 
Ow Manufacturer of Architectural Terra-Cotta, 125 North 18th Street, Phila- 
“aa Ne Penna. 
S, J. L., Lithographer, 4th and Arch Streets, Philadelphia, Penna. 
KING, JOS. B., ts The Cambridge Apartments, No. 1210, Wissahickon Avenue and School 
Germantown, Philadelphia, Penna. 
> H., President, The Bell Telephone Company, 1835 Arch Street, Philadelphia, 


Pen 
KIRSOPP. E C. B., Asst. Treasurer, 222 West Washington Square, Philadelphia, Penna. 
KITCHEN, 2 MISS RUTH CUSTIS, The Cambridge, Germantown, Philadelphia, Penna. 
CLARENCE M., Wholesale Druggist, 105 North Fifth Street, Philadelphia, Penna. 
a BARTLEMAN, Inspecting Engineer, Room 2326, Fidelity-Philadelphia Trust 
123 South Broad Street, Philadelphia, Penna. 
KN. ART eo Engineer, Box 1902, Philadelphia, Penna. 
KNEASS. EDWAR T. E. Circuit Breaker Company, $01 North 19th Street; for mail: 2225 
Pine Street, Ph ar Penna. 
KOHN, C i Abrasive Company, Bridesburg, Penna. 
KOTHAY, L., Consulting Engineer, C. H. Wheeler Manufacturing Company; for mail, Wood- 
Road, Strafford, Penna. 
KRAUSS, GEORGE, Chemical Bashaatt, 8019 Hillcrest Avenue, Elkins Park, Penna. 
SE, OTT wy ds Hlydraulic Eng Engineer, I. P. Morris & De La Vergne, Inc., Richmond and Norris 
Streets, e' 
KUESEL, DR. GEO. . Dentist, § Suite 2103, Aldine Trust Building, Philadelphia, Penna. 
LAMBERT, A. LESLIE, Secretary-Chief Engineer, Heintz Manufacturing Company, Philadel- 
is, DA for mail, Narberth, Penna. 
LAND _— "O., Experimental on Electrical Instruments, 7231 Walnut Street, Upper 


LANDT, T GUSTAVE} E., Chemist, Diamond State Fibre Company, Bridgeport, Penna 
LAUER, R, CONRAD, President, Philadelphia Gas Works Company, 1401 Arch Street, Philadelphia, 


LAW. CHARLES H. Analytical Chemist, 214 South 12th Street, Philadelphia, Penna 

LAY, ‘oan TRACY, Research Assistant in Physics, University of Pennsylvania; for mail, 4015 
Pine Street, Philadel hia, Penna. 

LE BOUTILLIER, H hemist, Wayne, Penna. 
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LEDOUX, J. W., Consulting Engineer, Liberty Trust Building, Broad and Arch Streets, Ph 
delphia, Penna. 
Lee. TAL Mg EY Broad Street Station, Philadelphia, Penna. 
m4 5929 Greene Street, Germantown, Philadelphia, Penna. 
a MORRIS E., Manufacturer of Scientific Instruments, 4901 Stenton Avenue, Germa 
town, Philadelphia, Penna. 
HMAN, WALTER T., Chemical Engineer, Delaware Avenue and Tasker Street, Philadelp! 


LEIDY, DR. JOSEPH, 2nd, Fageicion. 1713 Walnut Street, Philadelphia, Penna. 

LE +» Chemical Engineer, 810 Bellevue Court Building, Philadelphia, Penna. 

LEOPARD, C S., Consulting Engineer, 213 South Broad Street, Philadelphia, Penna 

LESLEY, ROBERT W., Manufacturer, 612 Pennsylvania Building, Philadelphia, Penna. 
LEVY, HOWARD S., 220 West Roberts Avenue, Philadelphia, Penna. 

LEVY. LIONEL FARADAY, Chemical Engineer, Manager, Wayne Avenue and Berkley Str: 
* Germantown Philadelphia, Penna. 

So RT B., Mechanical Engineer, 51 West Penn Street, Germantown, Philadelp! 


LILLIE, S. MORRIS, President, Sugar Apparatus Refining Company; for mail, Drexel Apa: 
ments, Overbrook, Penna. 

LINKER, WILLIAM, E ay and Building Contractor, 735 Cherry Street, Philadelphia, Penna 

LITTLETON, WILLIAM GRAHAM, Vice-President, Fidelity-Philadelphia Trust Company, |: 
South Broad Street, Ghiledelphis. Penna. 

LIVERSIDGE, HORACE P., Electrical Engineer, Vice-President and General Manager, P! 
del _ Electric  rectaic Company. 1000 Chestnut Street, Philadelphia, Penna. 

LOHMA S, Engineer, Sugartown Road, Devon, Penna. 

LONGSTRETH. ED EDW. T., Manufacturer, 6805 North lith Street, Oak Lane, Philadelphia 


enna. 
LOWE, ARTHUR W., Public School Teacher, 1224 Herbert Street, Frankford, Philadelphia 


——— DR. HIRAM S., Chemist, Harrison Laboratory, University of Pennsylvania, 34th an 
ce Streets, Philadelphia, Penna. 

LUKEN LEWIS N., Jr., Insurance Broker, 132 South 4th Street, Philadelphia, Penna. 

LYMAN, HENRY M., Power Engineer, 704 North 40th Street, Philadelphia, Penna. 

LYON, MERCY 3. Chief Engineer, Hall Electric Heat Co., 1429 Chestnut Street, Philadelphia 


wes FREDERIC BOWERS, Chemist-Engineer, 4921 to = Avenue, Philadelphia, Penna 
cARTHUR, GEORGE P., Mechanical Engineer, 102 E. Tabor Road, Olney, Philadelphia 


McBRIDGE, THOMAS C., Sales Manager, 240 West Chelten Avenue, Germantown, Philac« 


1 GEORGE NOX, Editor, 4008 Pine Street, Philadelphia, Penna. 
LENAHAN, HN MEG DY, Merchant, Montgomery Avenue, Villa Nova, Penna. 
McDONALD, D . ELLICE, Physican, 133 South 36th Street, Philadelphia, Penna. 
McDOWELL, CHARLES, Paper Manufacturer, Main and Levering Streets, Manayunk; for ma 
5804 Greene Street, Germantown, Philadelphia, Penna. 
wr < DR. JOHN M., Emeritus Pofessor of Botany, University of Pennsylvania; 
427 West Ansberry Street, Germantown, Philadelphia, Penna. 
McGEORGE, PERCY, 71 711 Bullitt Building, Philadelphia, Penna. 
McVEY, JOHN JO PH, Publisher and Bookseller, 1229 Arch Street, Philadelphia, Penna 
MAD i Coal Operator, 260 South Broad Street, Philadelphia, Penna. 
Economist, 225 South 15th Street, Philadelphia, Penna. 
, Allis-Chalmers Manufacturing Company, Milwaukee, Wis 
MARTIN, eg = S., 3rd, President, The Martin Contracting Company; for mail, 7205 Cres 
heim d. Germantown, Philadelphia, Penna. ; 
MARTOCELLO, ‘JOSEP H A., Manufacturer, Raw Water Ice Making Appliances, 229 Nort 
ys Street: Philadelphia, Penna. 
bry » Chemical Engineer, Carlisle, Penna. 
MASON, NOtDNEY President, The Wellington, 19th and Walnut Streets, Philadelphia, Penna 
MASON, WILLIAM Cc . Attorney-at-Law, 2107 Fidelity-Philadelphia Trust Building 
123 South Broad Street, Philadelphia, Penna. 
MATES! LIEUTE NANT-COLONEL OYAL, Metallurgical Engineer, 2235 Vine Street, Phila 
uRY, hia, Penna. 
MATTHEW F.., Banker, 2215 Locust Street, Philadelphia, Penna. 
WM. MAUL, ‘Attorney-at-Law, 1328 Chestnut Street, Philadelphia; for mail, Box 208 
Et, We Penna 
, DR. G. H., Professor of Chemistry, School of Medicine, University of Pennsylvania 
Philadelphia, Penna. 
LAS, WILLIAM, Instrument Developer, Designer and Mechanical Engineer, Cochrane Cor 
tion, ee Sues below Allegheny Avenue, Philadelphia, Penna 
THER AXWELL, Yarn Merchant, 460 Drexel Building, Philadelphia, Penna 
MESSINGER, WILLIAM, Man Manufacturer and Electrical Engineer, “* D " Street above Erie, Phila- 


F., Chief Engineer, The Union League of Philadelphia, Penna. 
MIDD N, ALBERT C., Director, Room 606, Wilson Building, Camden, New Jersey. 
MILLER, HENRY C. I., Jr., Mechanical Engineer, c/o Foster Wheeler Corporation, Packari! 
Building, Philadelphia, Penna 
t, SIMON, Textile Manufacturer, Apartment 401, 1520 Spruce Street, Philadelphia 


MILLS, GEO. M., President, Thomas Mills & Brothers, Inc., 1301 North 8th Street, Philadelphia 
Penna. 
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DR. H. S., Chief Chemist, Welsbach Company, Gloucester, New Jersey. 
NCIS me r., 1714 Spruce Street, Philadelphia, Penna. 
S, Assistant Professor, Moore School, University of Pennsylvania, Phila- 
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Bethlehem, Penna. 

BERLINER, AQ any S., Engineer, c/o The Compo Co., Ltd., 131 18th Avenue, La 


Quebec 

BERRESFORD, A. w., 1 Fifth Avenue, New York City, N. Y. 

BIERBAUM, CHRISTOPHER H., Consulting Engineer, 113 Florence Avenue, Buffalo, N. Y 

BIGELOW, ‘PROF. Ss. LAWRENCE, Professor of General and Physical Chemistry, 1520 | 
Street, Ann Arbor, Mich. 

BILLINGS, A.W. K., Civil, Mecnanical and Electrical Engineer, c/o Canadian & General Fina 
Co., Ltd., 25 King Street, West, Toronto, Ontario, Canada. 

BILLOW, CLAYTON O., Consulting Engineer, 1212 Ashland Avenue, Wilmette, III. 

a ARTHUR, Grain Merchant, 315 Chamber of Commerte; for mail, 405 Hol! 

d, (Cedarcroft), Baltimore, Md. 

BLATZ. FREDE RICK J., Leather Manufacturer, P. O. Box 967, Wilmington, Del. 

BLOEDE, VICTOR G., M: anufacturing Chemist, Carroll Post Office, Baltimore, Md. 

BOURNE, GEORGE i Vice-President, The Superheater Company, 60 East 42nd Street, N 


York, ie F 
— DR. JOSEPH C., Research Associate in Physics, Palmer Physical Laboratory, Princet 


BRIESEN? FRITZ V., Attorney-at-Law, 50 Church Street, New York City, N. Y. 
BRODWATER, CHARLES WESLEY, Pharmacist and Chemist, Box 41, Bradley Beach, N. ] 
BROWN, GABRIEL SCOTT, First National Bank; for mail, 720 Meixell Street, Easton, P: 
BROWNSTEIN, BEN JAMIN, Mechanical Engineer, Elwood City, Penna. 

a CHARLES C., Nav al Architect and Marine Engineer, Box 161, Route 10, Bethes 


d. 
BRYANT, DR. ALICE G., Physician, 502 Beacon Street, Boston, Mass. 
BUCK, 2c onsulting Engineer, 49 Wall Street, New York, N. 
BUCKLEY, OLIVE » Electrical Engineer, 463 West Street, New York C ity, N. Y. 
BULL OCK, km Nicchoil Engineer, 33 Rector Street, New York, N. Y. 
BUNNELL, STERLING H., Vice-President and Manager, Industrial Department, The Nati 
City Com 55 W: ‘all Street, New York City, N. Y. 
BURHORN, ED In, Engineer and Contractor, 938 Hudson Street, Hoboken, N. J. 
BURK, EDWIN | # Merc hant, 531 Pelham Road, Germantown, Philadelphia, Penna. _ 
BURLINGAME, LUTHER ~ Industrial Superintendent, Brown & Sharpe Manufacturing ‘ 
Providence, 
BUTTOLPH, LEROY JAMES, Electrical Engineer, 410 Eighth Street, Hoboken, N. J. 
BYERS S, ISAAC W.., Retired, Iron River, Mich. 
CABOT, GEORGE E., 169 Marlborough Street, Boston, Mass. . : 
CAIRD, JAMES M., Chemist and Bacteriologist, Cannon Bldg., Broadway and 2nd Street, Tr 
- Y 


CALKINS, G. H., Manager, General Electric Company, 10th Floor, Electric Building, Buff 
N. ¥. 


CANBY, WM. W., Fruit Grower, Grants Pass, Ore. 
“seat jOoHN Bus "Mechanical Engineer, 1309 Union Street, Schenectady, N. Y. 

APPS. REAR-ADMIRAL W. L., U.S.N., Chief Constructor, Bureau of C +h and Rep. 

vy Department, Washington, D. C. . 

CARDEZA, THOMAS D. M., Diplomatic Service, 43 East 49th Street, New York City, N. \ 
CASEY, MAJOR K. K. V., Director of Sales, Room 5060, DuPont Building, Wilmington, D: 
CASPARI, D . CHARLES E., Professor of Chemistry, 4588 Parkview Place, St. Louis, Mo. 
CATON, JOHN +» Consulting Electrical Engineer, 16212 Fairfield Avenue, Detroit, Mich. 
CATON, JOHN r., Textile Engineer, 306 Mercer Street, Phillipsburg, N. J. 
Cc » DR. ON, Assistant Professor of Physics, Cruft Laboratory, Cambridge, Mas 


CHAMBERS, ARTHUR D., Chemical Engineer, E. I. du Pont de Nemours & Company; for mai 
509 Lore Avenue, Wilmington, Del. , P : 
CHARLES, — 5 eens LANDIS, Professor of Physics, Franklin & Marshall College, Lan 
caster, Pen 
CHESTERMAN, FRANCIS J., Vice-President and General Manager, 416 Seventh Avenue, Pitts 
burgh, Penna. 
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CHRISMAN, CHARLES S., Mechanical Engineer, The United Gas Improvement Company, 
435 West Miner Street, West Chester, Penna. 
CHRISTIANSON, A., Chief Engineer, Standard Steel Car Company, Butler, Penna. ‘ 
CHUBB, LEWIS WARRINGTON, Research Engineer, Westinghouse Research Laboratories, 
Westinghouse Electric & Manufacturing Company, East Pittsburgh, Penna. 
CLARE. HERBERT A., Physicist, c/o Taylor Instrument Company, Ames Street Cor. West 
Avenue, Rochester, N. Y. 
CLOUD, JOHN W., Chairman, The Westinghouse Brake & Saxby Signal Co., Ltd., 82 York 
pad King’s Cross, London, N. 1, England. 
SSE, Consulting Engineer and Metallurgist, 40 Ocean Avenue, Lynn, Mass. 
L, HENRY W., Technical Clerk, 19 Rata Road, Hataitai, Wellington, New Zealand. 
R S A., Organic Section, Standard Oil Development Company, Box 276, Eliza- 
COLE, SROFESSOR WILLIAM RAYMOND, Teacher, Lincoln University, Penna. 
COLWELL, PROF. ROBERT C., Professor of Physics, Geneva College, Beaver Falls, N. Y. 
COMEY, DR. ARTHUR M., C he mist, 380 Mt. Auburn Street, Cambridge, Mass. 
COMPTON, DR. KARL f., President, Massachusetts Institute of Technology; for mail, 111 
Charles River Road, ( *ambridge, Mass. 
CONDICT, G. H., Consulting Mechanical and Electrical Engineer, 922 Central Avenue, Plain- 


eld, N. J. 
CONVERSE, w A., Chemical Engineer, 7023 Constance Avenue, Chicago, III. me 
COOPER, ye Manufacturer of Olive Oil, 403 East Valerio Street, Santa Barbara, Calif. 
COPPAGE, 3 , Production Manager, The Pusey & Jones Company, Wilmington, Del. 
CORYLLOS, D R. POL N., Surgeon, 812 Park Avenue, New York City, N. Y. : 
COTTRELL, DEUTENANT JAMES W., Ordnance Reserve Corps, U. S. A., Technical Editor, 
oe oe ln Chilton Class Journal Company; for mail: 409 Bellevue Avenue, Ham- 
COWAN, WM. 5% a Assistant Chief Chemist, National Lead Company, 129 York Street, 
ie r 
om PROF. GEORGE L.., Professor of Organic Chemistry, Georgetown University, Washing- 
a. 


D. 
CRAIG, “ROBERT, Consulting Engineer, 233 Broadway, New York City, N. Y. 
CRAWFORD, » General Manager, Pennsylvania Lines west of Pittsburgh, 5243 Ellsworth 
Avenue, Pittsburgh, Penna. 
CRICHTON, ANDREW B., Mining Engineer, U. S. Bank Building, Johnstown, Penna. 
CROWNE, IRVING H., Research Engineer, 1260 North Flores Street, Hollywood, Calif. 
ee J. C., 3rd, Mechanical Engineer, Meadland, Three Gates Lane, Haslemere, Surrey, 
ngland. 
ae _~ K., Physicist, 463 West Street; for mail, 230 West 105th Street, New York 


DAVIDHEISER. PROFESSOR LEE, Professor of Chemistry, c/o Wagner College, Staten Island, 
N. Y. 

we GEORGE M., Chemist and Engineer of Tests, 211 North Nast Avenue, Oak Park, 
Ill. 


DAVIDSON, WARD F., Electrical Engineer, 380 Pearl Street, Brooklyn, N. Y. 

DAVIS, CHESTER LESLIE, Industriz m Research Company of Indiana; for mail, 1227 National 
Press Building, Washington, D. 

DAVISSON, CLINTON J., Physicist, “a3 West Street, New York City, N. Y. 

DAVIS, DR: HARVEY ATHANIEL, Teacher, Stevens Institute of Technology, Hoboken, N. J. 

DAY, DR. ARTHUR L., Director, Geophysical Laboratory, Carnegie Institution, Washington, 


D.C. 
DE a, ANTONIUS, Chemical Engineer, Philips’ Glowlampworks, Ltd., Eindhoven, 


Holland. 
a MILTON W., Chemist, Edw. G. Budd Manufacturing Company, Philadelphia; for 
mail, 428 East King Street, Lancaster, Penna. 
DELLENBAUGH, FREDERICK S., Jr., Electrical Engineer, Massachusetts Institute of Tech- 
hogy! for ‘mail, 91 Spooner Road, Chestnut Hill, Mass. 
DEMPSEY. W «oes Engineer and Attorney-at-Law, 400 Granite Building, St. Louis, Mo. 
DETWILER, JAMES G., Chemist, c/o The Texas Company, 135 East 42nd Street, New York, 


DICKERSON, EDW. N., Attorney-at-Law, 41 Park Row, New York, N. Y. 
DIETZ, DAVIS, Science Editor, The Cleveland Press Building, Clev eland, Ohio. 
DOAN, a GILBERT E., Associate Professor of Metallurgy, Lehigh University, Bethlehem, 


DOHERTY, : HENRY L., President, Cities Service Company, -” Wall Street, New York, N. Y. 
DONALD. WIL . c hemist and Assayer, Bloomingdale, N. J. 
OHN P., Coal Operator, Coulter Building, Greensburg, Penna. 
DOO Librarian, Nanyany University, Shanghai, China. 
DORR} OHN NV. N., Metallurgical and Chemical Engineer, President, The Dorr Company, 247 
k Avenue, New York, N. Y. 
DORSEY, ay ag NUM F., Patent Attorney, c/o Vacuum Oil Company, 61 Broadway, New York 


DOSTAL, ‘PROFESSOR BERNARD F., Professor of Mathematics, University of Florida, Gaines- 
ville, 
DOUGLASS. WILLIAM A., Research Chemist, Jackson Laboratory, P. O. Box 525, Wilmington, 
Del.; for mail, 28 Ze igler Tract, Penns Grove, N. J. 
DOUTHIRT, WALSTEIN F., 1752 Equitable Building, New York, N. Y. 
DRAKE, DR. LEWIS M., Experimental Scientist, 509 North First Street, Daytona Beach, Fla. 
DREW, RAYMOND | c hemist, American Dyewood Company, Belleville, N. J. 
DUBILIER, ts om President, Radio Patents Corporation, 10 East 40th Street, New York 
ity, 
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pencecr. F. L., Superintendent of Floating Equipment, 53 Bayview Avenue, Great N: 


eter Chief Engineer, American Thermos Bottle Company, Norwich, Conn. 
omen AMES CAAMES ARMSTR STRONG, hysicist and Engineer, 55 Johnson Street, Brooklyn. N = 


. S., Inventor, a A Everett Avenue, Hyde Park Station, Chicago, III. 
DUNN, Gano, » President, J. G. White Engineering Corporation, 20 Washington Square, N 


ork, N. 
peat PROF. F. P., Professor of Chemistry, University of Virginia, Va. 


x, 


¥ 


a IRENEE, Vice-President, E. I. du Pont de Nemours & Company, Wilmington, De! 
PIERRE S., President, E. I. du Pont de Nemours & Company, W Eulogto m, Del 
Ry FRANK L. M sae 


echanical Expert, 24 North Cornwall Avenue, Atlantic City, 
DYER. FR HOWARD N., Engineer, 4311 Bayard Street, Pittsburgh, Penna. 
EBE. > i ee Editor, Journal of the American Pharmaceutical Association, 10 West ( 
Street, Baltimore, Md. 


ECKER, HOWARD, Chemist, R. F. Johnston Paint Company; for mail, 1510 Dana Avenue 


Cincinnati, Ohio. 
a DR. E. A., Physicist, Gulf Research Laboratory, 327 Craft Avenue, Pittsb 


EDGAR. ¢ CHARLES L., President and General Manager, Edison Electric Illuminating Com 
70 State Street, Boston, Mass. 


a . E., Chemical Engineer, General Chemical Company, Old Chester Road, Ess. 
EGLOFF, GUSTAV, Petroleum Technologist, The Universal Oil Product Company, Strauss 


Building, Chicago, Ill. F 
ELLEY tARO ta E., 41 East 42nd Street, New York, N. Y. 


ELLEY -» Chemist, Room 9114, Du Pont Building, Wilmington, Del. 


a, CARLETON, “Research Chemist and Chemical Engineer, 92 Greenwood Avenue, Mont 


r,N. J 
ELMENDORF ‘nwa, Consulting Engineer, 4414 West Division Street, Chicago, III. 
ELSEY, HOWARD KEE, Research Chemist, Westinghouse Electric & Manufacturing ( 
ny, East Pivesburgh: for mail, 378 College Avenue, Oakmont, Penna. 


x 


ELY, CAPT. HIRAM B., Ordnance Officer, U. S. A., Room 1051, Bell Telephone Laboratories 


463 Were Street, New York City, N. Y. 


EMERSON, COL. G. H., Chief of Motive Power and Equipment, Baltimore and Ohio Railroad, 


ENGELHARD, CHARLES, Importer, Charles Engelhard, Incorporated, 90 Chestnut Stre« 
ewan 


EPPELSHEIMER, DANIEL Jr., Chief Engineer, 520 South Main Street, Middletown, Ohio 

EPPLEY, COMMANDER R MARIO ON, Scientist, Eppley Scientific Laboratories, Newport, R. | 

ERF, HERBERT A., Acoustical Engineer, 1500 Leader Building, Cleveland, Ohio. 

ERHART, W. H., Manufacturing Chemist, 81 Maiden Lane, New York, Y. 

ee R. es 5 Aagetant to Vice-President, Southern Railway, hy Pe nnsylvania Aven 
ashington, 


FAIRCHILD, SHERMAN M., Engineer, Fairchild Aerial Camera Corporation, 136 West 52n 


Street: for mil, 898 Park Avenue, New York, N. Y. 

FAIRMAN, ERNEST A. motte + oy Sociedad Anonima Gandera y Comercial, * Sara Brau: 
Casilla C. Magallanes Chile, S 

FALKENAU, ARTHOR, Industrial ‘fq Stamford Hall, Stamford, Conn. 

FEARING, FREDERICK C. Consulting Engineer, 56 Valley Road, Bronxville, N. Y. 


) 


FELLOWS, E.R , President. and General Manager, The Fellows Gear Shaper Company, Spring 


field, Vt. 
FERGUSON, OHN, Electrical Engineer, 3702 Fall Creek Boulevard, Indianapolis, Ind. 
FERGUSON, ours A., Vice-President and Electrical Engineer, Commonwealth Edison C 
pany, Box 767, 72 "West Adams Street, Chicago, Ill. 


FERREE, DR CLARENCE E., Teacher, Wilmer Ophthalmological Institute, Johns Hopkins 


Hospital, Baltimore, Md. 
FEUER, BER TRAM, Consulting Bacteriologist, 612 North Michigan Avenue, Chicago, III. 


FINCH, W.G.H., Radio Engineer and Editor, International News Company; for mail, 315 River- 


side Drive, New York, N. Y. 


FINKBINER, E. » Treasurer and General Manager, South Jersey Sand Company, Dividin 


FITZ, ERWIN h « , Electrical Engineer, 58 E. Dunlap Street, Worthington, Ohio. 


ng 


FLANDERS, RALPH E., Manager, Jones & Lamson Machine Company; for mail, Box 476, 


FLETCHER, W. E., Technical Director, Sates Powder Company, Wilmington, Del. 
POLSE, _ JOHN GRAHAM, Estimator, A. See Elevator Company. Incorporated, 52 V« 
reet. New York City; for mail, 9935 rrhind Avenue, Brooklyn, N. Y 


FOLEY. PATRICK F., Inspector of Elevators, Municipal Building, Borough of Manhattan; for 


mail, 917 77th Street. Brooklyn, N. Y. 
FORTIER, PROF. MATTHEW L., Professor of Philosophy, Fordham University, School 
we wale x Social Service, 811 Woolworth Building, New York City, N. Y. 
oe North Prospect Avenue, Apartment 2, Milwaukee, win 
Fapen SEPH D D. R., Radio Engineer, 912 Fifth Avenue, New York City, N. Y. 


on u® se President, Intercontinents Power Company, 120 Wall Street, New York 


FRETZ, E. s. Manufacturer, 4 Light Manufacturing & Foundry Cope, _ Pottstown, Penna. 
FRIES, HAROLD H. -» Manufacturing Chemist, 92 Reade Street, New York, N. Y. 

FRYER, GEORGE G., Mechanical Engineer, 203 Onondaga Avenue, Syrac kh ‘N.Y. 

FULLER, GEORGE W., Consulting Engineer, 170 Broadway, New York, N. Y. 
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GAGE, DR. HENRY PHELPS, Physicist, Chief, Optical Division, Corning Glass Works; for mail 
214 Chemung Street, Corning, N. Yy. 

GARMAN FRANE R., Electrical Engineer, 416 Seventh Avenue, Pittsburgh, Penna. 

GELLER, ROMAN F., "306 West Thornapple Street, Chevy Chase, Md. 

GETMAN, DR. FREDERICK H., Chemist, Hillside Laboratory, Stamford, Conn. 

GFRORER, A. H., Chief Engineer, Automatic Transportation Company, Incorporated, 101 West 
87th 1 8 Chicago, Ill. 

GHERARDI, B., Engineer, American Telephone & Telegraph Company, 195 Broadway, New 


Yor N. ‘ 
GIBSON, JOHN J., Vice-President, Westinghouse Electric Supply Company, 150 Varrick Street, 
New York, 
GIBSON, NORMAN R., Civil Engineer, 600 Electric Building, Buffalo, N. Y. 
£ V., Mechanical Engineer, The Fulton Company, Knoxville, Tenn. 
jo a F., Vice-President, Commonwealth Edison Company, Edison Building, 
tow o, 
os Research Chemist, A. E. Staten Manufacturing Company, Decatur, III. 
. JOSEPH L.» Geologist, 8060 Du Pont Building, Wilmington, Del. 
NK, Violinist, 1714 Eutaw Place, Baltimore, Md. 
at fy Chemist, R. F. D. No. 2, Wilmington, Del. 
GODFREY, a "LINWO OD, Patent Solicitor and Electrical Engineer, Department of Justice, 
Denricke Building, W: ashington, Dp. 
GOMBERG, PROF. MOSES, Professor of Chemistry, 712 Onandago Street, Ann Arbor, Mich. 
GORDON, HUGH S., Mining Engineer, Tati Company, Ltd., Francistown, British Bechunaland, 
South Africa. 
orn OTTO, Civil Engineer, Casilla Correo, 1723, (Galeria Guemes), Buenos Aires, 
menting. 
Y, J. H., Civil Engineer, American Can Company, 234 West 21st Street, New York, 


GREENE, YROF. A. M., Jr., Dean, School of Engineering, Princeton University, Princeton, 
N. 


onan tay, F., Chemical Engineer, Kimble Glass Company, Vineland, N. J. 
GREENW OD, GEORGE W., Industrial Engineer, 902 Harrison Street, Wilmington, Del. 
GREENWOOD, T. T., Research Engineer and Patent Solicitor, 40 Court Street, Boston, Mass. 
GRIFFITH, PERCY TATE, President and Director, Rye, N. Y. 
Cnr The Clearing, Saunderstown, R. I. 
RIMSHAW ROBERT, Consulting Engineer, 775 West Minster Road, Brooklyn, N. Y. 
CRISSINGER, eo Consulting Electrical and Mechanical Engineer, 293 Lexington Ave- 


nue, Buffalo, N. Y. 

GRISWOLD, 5 G., Director of Research, Henry L. Doherty & Company, 60 Wall Street, 
New York, N 

ae DR. LARS OLA, Director of Research, Union Switch & Signal Company, Swiss- 


GUBELMAN, FREDERICK J., President, The Regina Company, Englewood, N. J. 
GUDEMAN, EDWARD, Consulting Scientific Expert, 9034 Postal Telegraph Building, Chicago, 


fll. 
HALL, REAR-ADMIRAL R. T., U.S.N., P. O. Box 228, Wynnewood, Penna. 
. H., Electrical Expert, 303 Fourth Avenue, New York, N. Y. 
= ms ” Electrical Engineer, 9120 97th Street, Woodhaven, N. Y. 
HAMILTON, LT. “COL. WM. B., Mechanical Engineer, Hardier Tynes Manufacturing Company, 
Birmingham, A> 
HAMMER, EDWIN ao paraiting Engineer, 80 John Street, New York, N. Y. 
HAM — MAJOR wiLut AM Jj., Consulting Electrical Engineer, The Shelton, 49th Street and 
xington Avenue, New Y« ork, we 
HAMMOND, — ra The Phototechnical Laboratory, Incorporated, 6 N Street, Northeast, 
Washington, D 
HANSELL, CLARENCE ‘WESTON, Electrical Engineer, Radio Station, Rocky Point, N. Y. 
— N, — J., Mechanical Engineer, Walworth Manufacturing Company, Lock Box 26, 
oston, Mass. 
HARRIS, DR. JOHN McARTHOR, Jr., Chemical Engineer, Sun Oil Company, Norwood, Penna.; 
for mail, 918 Convention Street, Baton Rouge, La. 
HART, PROF. EDWARD, Professor of Chemistry, Lafayette College, Easton, Penna. 
HART, HENRY G., Newspaper Reporter, 104 Bedford Street, New York City, N. Y. 
HARTER, ISAAC Engineer and Manufacturer, 45 East 82nd Street, New York City, N. Y. 
HARTNESS JAMES, President, Jones & Lamson Machine Company, Springfield, Vt. 
HASC , Watchmaker, Tiffany & Company, New York, N. Y. 
HATTON, T. Gua LKLEY, Chief Engineer, 490 Broadway, Milwaukee, Wis. 
HEAP, BEN JAMIN, Analytic al Chemist and Works Superintendent, The Chloride Electrical 
Storage, Ltd., Clifton Junction, W. Manchester, England. 
HEITMAN, EDW. ARD, Electrical Engineer, 1403 Longfellow Avenue, Detroit, Mich. 
— — Mech anical Engineer, 3100 Brownsville Road, Mount Oliver Branch, Pitts- 


HENDRICKSON. ¢ GEORGE A., Engineer, 2000 Second Avenue, Detroit, Mich. 

HENSEL, W. GERHARD, Che mical Engineer, Thomas Cook & Son, Ltd., Unter den Linden 
22, Berlin W.S., Germany. 

HERR, EDWIN M.,. President, Westinghouse Electric & Manufacturing Company, Westing- 
house Building, 150 Broadway, New York, N. Y. 

HERRESHOFF, NATHANAEL, 6 Walley Street, Bristol, R. I. 

— PROF. ERNEST A., Professor of Metallurgy, University of California, Berkeley, 


HERSEY. OR. MAYO D., Physicist, Vacuum Oil Company, Paulsboro, N. J. 
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weary CHARLES H., Chemist, 101 Park Avenue, Room 1834, New York City, N. Y. 
ZEL, FREDERIC v., Mechanical Engineer, P. O. Box 366, West Chester, Penna. 
HILL, ERLE G., Metallurgist, Lukens Steel Company, Coatesville, Pa. 

HILL. R.L , Chemist, Atlas Powder Company, Wilmington, Del. 

HIRSCHLAND . F. H., President, Metal & Thermit Corporation, 120 Broadway, New \ 


HOADLEY, ANTHONY de H., Instructor of Civil Engineering, Union College, Schenect 


N. Y. 
pate Ny hog! Mechanical Engineer, Byron Hotel, Atlantic City, N. J. 
— ,» Vacuum Tube Engineer, 1850 Otto Street; for mail, 529 North Le 
Street, sig fn oO, Tit 
HOLST, FREDERI K C., Electrical Engineer, Sangamo Electric Company, Springfield, I!! 
HONAMAN » R. KARL, Electrical Engineer, Development and Researc 3 Department, Amer 
Telephone & Telegraph Company, 195 Broadway, New York, N. 
HOOKER, SAMUEL C., Chemist and Sugar Refiner, 82 Remsen Street, N.Y 
HOOPES, PENROSE R., Consulting Mechanical Engineer, 43 Farmington Avenue, Hart! 
Connecticut. 
HORTON, ROBERT E., Consulting Hydraulic Engineer, R. F. D. No. 1, Voorheesville, N. \ 
meena, «> WILLIAM, Chemist, Mariner & Hoskins, 2009 Harris Trust Building, 111 W 
Monroe Street, Chicago, lll. 
aes HOLDEN RINGWALT, Industrial Engineering Representative, Industrial P 
rtment, Consolidated Gas, Electric Light & Power Company, Baltimore, Md 
HOWARD, A.C. C., Gas Engineer, Room 1008, Hazen Building, 122 Greenwich Street, New \ 
ity 
HOWELL 1 w., , Engineer, 211 Ballatine Parkway, Newark, N. J. 
HOWER, PROF. H. S., Physicist, Carnegie Institute of Technology; for mail, 5709 Solway Str 
Pittsburgh, Penna. 


HUBBARD, MALCOLM MacGREGOR, Student in Electrical Engineering, 428 Memoria! Dri\ 


Cambridge, Mass. 
HUFF cere io Sopa Engineer, 517 Coleman Avenue, Fairmont, W. Va. 
HUMPHREYS J., Physicist, U. S. Weather Bureau, Washington, D. C. 
HUSTON, CHARLES L.. Vice- President, Lukens Steel Company, Coatesville, Penna. 
IRONS ROBERT HATFIEL , President, Central lron & Steel Company, Hz urrisburg, Penna 
NER, MARTIN HILL, Chief Chemist, Colgate-Palmolive-Peet Company, Jersey City, N 
Ss, DR. HERBERT E., Physicist, Western Electric Company, 463 West Street, New \ 


JACKSON, OHN PRICE, Room 702, New York Edison Company, Irving Place and 15th Str 
New York, N. Y. 


JACOBUS, ae, , Advisory Engineer, The Babcock & Wilcox Company, 85 Liberty Street, New 
k, N. Y. 


FFERSON, J. P., Manufacturer, 21 The Fairway, Santa Barbara, Calif. 
Ss, ZA , Metallurgical Engineer, Aluminum ‘Company of America, 2210 Harvard Av: 
Clev eland, Ohio. 
NKINS, C. FRANCIS, Inventor, 5502 16th Street, N.W., Washington, D. C. 
OB, ROBERT, Vice-President, Milton Hersey Company, Ltd., 980 St. Antoine Street, Montr: 
ou uebec, Canada. 
ODID SAMUEL L., Chemist, U. S. Department of Agriculture, Washington, D. C 


OHNSTON, DR. JOHN, Chemist, Research Laboratory, U. S. Steel Corporation, Kearne 


jones’ 2 JONATHAN, Engineer, McClintic-Marshall Corporation, Bethlehem, Penna. 
HILIP C., Electrical Engineer, Bell Telephone Laboratories, 463 West Street, N 
York City, N. Y. 
OYCE, CLARENCE M., Chemist, Du Pont Viscoloid Company, Leominster, Mass. 
UFMAN, FRED B., Building Construction, Hotel Kaufman, Towanda, Penna. 


KAUFMANN, HERBERT M., Vice-President, Mutual Chemical Company of America, | 


William Street, New York, N. Y. 
KELLER, E. E., Engineer and Manufacturer, Braywood, Quarton Road, Birmingham, Mich 
KELLERS, CHARL ES FREDERICK, 77 Essex Avenue, Montclair, N. J. 
KELLEY, DR. GEORGE I., Research Chemist, Pressed Steel Company of Great Britain, Lt 
Cowley, Oxen, England. 
KELLOGG, DO NALD LEWIS, Armstrong Cork Company, weeaieeeh, Penna. 
KENNEDY, . J., Consulting Engineer, 26 Court Street, Brooklyn, N. Y. 
KERSEY, G. he Electrical Engineer, 72 West Adams Street, Chicago, III. 
KILPATRICK, . L., 164 Harrison Street, East Orange, N. 
KING, C S$ , Mechanical Engineer, 6201 Park Boulev ard, Wildwood Crest, N. J 
KINGSBURY, EDWIN F., Physicist, Western Electric Company, 463 West Street, New \ 


KINNIER GEORGE E., Civil Engineer, 464 North New Street, Bethlehem, Penna. 
KISTLER, DR. S. S., 201 West Vermont Avenue, Urbana, III 


KLINGAMAN, DR. FOSTER E., Professor of Physics, Ursinus College, 624 Main Street, Colles 


ville, Penna 


me PROF. ARTHUR RUSSELL, Professor of Physics, Lingnan University, Canton, Chi: 


» MORRIS, Consulting Engineer, 507 Westinghouse Building, nee te at Penna. 
KNOWLTON, . Joan ‘JUDSON, Electrical Engineer, 107 Court Street, Newark, N. 
KNOX, H Aining Engineer, 495 Belmore Way, Pasadena, Calif. 


KOCH, EARL EARL L., Research Engineer, 1066 West Adams Street, Chicago, IIl. 

KOCH, GEORGE B., Altoona Foundries, P. R. R., Altoona, Penna. 

KOCH, PROF. JULIUS A., Professor of Chemistry and Dean of School of Pharmacy, Universit 
of Pittsburgh, Bluff and Pride Streets, Pittsburgh, Penna. 

KRAEMER, EL ER O., Research Chemist, Experimental Station, 2322 West 14th Street, W 
mington, Del. 


AI pa 


; 
¢ 
‘ 
& 


Nov., 1931.] MEMBERSHIP DrREcTORY. 679 


KRANZ, DR. FRED W., Research Physicist, 2527 West Drive, Fort Wayne, Indiana. 
KREBS, A. S., President and Mechanical Engineer, Krebs Pigment & Chemical Company, New- 
ot for mail, 2506 Willard Street, Wilmington, Del. 
KUB. jOHN C., Electrical Engineer, Rail Brakes, Ltd., 512 Australia House, London, W. C. 2 
Bela 
KUCHER, ANDREW ALBERT, Consulting Engineer, 2206 Valentine Avenue, New York City, 


KUCHER, JOSEPH E., Consulting Engineer, 10 West 170th Street, New York C ity, N. Y. 

KUNSMAN, DR. CHARLES H.., Physicist, Fixed Nitrogen Research Laboratory, U. S. Depart- 
ment of Agriculture, W: ashington, a, <.. 

KUNZ, GEORGE F., President, The American Scenic and Historic Preservation Society, 405 
Fifth Avenue, New York, N. Y. 

LAIRD, CLINTON N., Chemist, Lingnan University, Canton, China. 

LAMB, NEWTON, Chemist, 122 Storch Street, Saginaw, West Side, Mich. 

LATHROP, ELBERT C., Vice-President and Treasurer, Palmolive Building, 919 North Michigan 
Avenue, Chicago, Ill. 

LAWLER, G. S., Electrical Engineer, Associated Factory Mutual Fire Insurance Company, Fort 
Hill Square, 184 High Street, Boston, Mass. 

LAWRENCE, DEAN RUSSELL E., Dean of Engineering, University of Detroit, 630 East Jeffer- 
son Avenue, Detroit, Mich. 

LENKER, WILL G., Civil Engineer, 405 Chestnut Street, Sunbury, Penna. 

LEWIS, DANIEL Cc. Agent, The Millville Manufacturing Company, Millville, N. . J. 

LEWIS, GEORGE W., Mechanical Engineer, 6502 Ridgewood Avenue, Cc dees Chase, Md 

LIDBURY, FRANK AUSTIN, President, Oldbury Electro-Chemical Company, P. O. Box 346, 
iegars | 4 is we 

LINDENTHA , Consulting Engineer, 26 Exchange Place, Room 309, Jersey City, N. J. 

seals ARTHUR R D. President, Arthur D. Little, Inc., 30 Charles River Road, Cambridge, 


LIVINGSTON, HERMAN, Hydro Carbon Engineer, 1341 Marlborough Avenue, Plainfield, 


LLOYD, N: Jorn URI, Manufacturing Pharmacist and Chemist, Lloyd Brothers, 300 West Court 
Street, Cincinnati, Ohio. 

LLOYD, MORTON G., Electrical Engineer, Bureau of Standards, Washington, D. C. 

LOBBEN, PEDER, Mechanical Engineer, Room No. 2, Keysers Gade 1, Oslo, Norway. 

LOEB, LEO, Mechanical Engineer, Albert B. Manuel, 61 Broadway, New York, N. Y. 

LOEB, PROF. LEONARD B., Associate Professor of Physics, University of California, Depart- 
ment of Physics, Berke ley, Calif. 

LOGAN, LLOYD, Research Associate, Gas Engineer, Johns Hopkins University, Baltimore, 


Maryland. 

LOSS, HENRIK VON ZERNIKOW, Consulting Engineer, University Club, 1601 Locust Street, 
4 ag »hia, Penna. 

LOVEJO 7, dee. -» Vice-President, General Electric Company, Schenectady, N. Y. 

LO R, NATHAN M.., Assistant General Manager, Lower Stoker Co., 932 North Lincoln Avenue, 
N.S owe neler Penna. 

LUCAS, FRANCIS F., Engineer, Bell Telephone Laboratories, Inc., 463 West Street, New York, 


sf 
LUCKE, PROF. NY E., Professor of Mechanical Engineering, Columbia University, New 
, Director of Applied Science, Nela Research Laboratories, Nela Park, Cleve- 
land, Ohio. 
LYMAN, JAMES, Consulting Engineer, 20 North Wacker Drive, Chicago, II. 
LYNCH, J. C., Post Office Box 93, Stockbridge, Massachusetts. 
MacBAIN, D. R., Ass't General Manager, New York Central Railroad Company, Cleveland, 
Ohio. 
MacBETH, NORMAN, Illuminating Engineer, 227 West 17th Street, New York City, N. Y. 
MacGREGOR, FRANK S., General Manager, DuPont Rayon Company, 11th Floor, Empire 
State Building, New York City, N. Y. 
MacMURPHRY, F., 513 Fair Oaks Avenue, Los Flores Apartments, South Pasadena, California. 
MacNAIR. WALTER ARCHER, Physicist, Bell Telephone Laboratories, 463 West Street, New 
ork Cit we. 
McCONNELL, FRANKLIN P., Draftsman, 57 William Street, New York City, N. Y. 
McCORMACK, o- mn. P rofessor of Chemical Engineering, Armour Institute of Technology, 
hicago, 
McCOY, WILLIAM HOWARD, Manager, General Motors Research Experimental Production 
Machine Shop Detroit; for mail: 17593 Stoepel Street, Detroit, Mich. 
_—e HUNTER, Chief Engineer, Nashville, Chattanooga and St. Louis Railway Com- 
abe , 924 ee +4 Nashville, Tenn. 
McF, LANE, MAYARD L. D., Engineer, 220 East 42nd Street, New York City, N. Y. 
a6 Atay Ss W. x orner Market and Second Streets, Camden, N. J. 
VALLACE, Mechanical Engineer, Cumberland, Md. 
McKEEHAN, DR. L. W., Research Physicist, Sloane Laboratory, Yale University, New Haven, 


McLENNAW, DR. J. C., Professor of Physics and Director of Physical Laboratory, University 
of Toronto; for mail, 88 Prince Arthur Avenue, Toronto, Canada. 

McMEEKIN, CHARLES W., 2218 Roosevelt Avenue, Berkeley, Calif. 

MACALPINE, J. KENNETH W., Chemistry Teacher, New York University; for mail, 196 North 
Oraton Parkway, East Or: ange, N. 

MACKENZIE, K. ae Consulting Chemist, 135 East 42nd Street, New York City, N. Y. 

MAILLOUX, DR.C . O., Consulting Engineer, 111 5th Avenue, New York City, N. ¥. 

MAIZLISH, ISRAEL, Professor of Physics and Mathematics and Head of the Department of 
Physics, Centenary College, Shreveport, La. 
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ATOR, ah piepuiocterer of Fishing Tackle, 155 Chambers Street, New York City, N. \ 
4, RUDO LPH F., Bell Telephone Laboratories, Inc., 463 West Street, New York Cit 


mativicknopr, EDWARD, Jr., Manufacturing Chemist, Mallinckrodt Chemical Works, 
uis 
meer. 5 . a c/o Stone & Webster, Engineering Corporation, 90 Broad Street, New Y 


it 
MARBAKER, DI DR. EDWARD, Chemist, Vice-President, Industrial Research and Engineer 
ny ef 7325 Penn Avenue, Pittsburgh, Penna. 
‘ARREN A., Laboratory Engineer, 463 West Street, New York City, N. Y. 
Mason x H O, Engineer and Manufacturer, Laurel, Miss. 
MASON, DR. W. P., Y pg: ad of Chemistry, Rensselaer Polytechnic Institute, Troy, N. Y. 
Denke, Box 266, Evanston, III. 


MASTERS, MAJOR FRANK M., Consulting Engineer, Calder Building, Harrisburg, Penna 
MATHESON, OWARD W., Chemist and Chemical Engineer, 611 Power Building, Montrea 
uebec, 


anada. 

MA WS, DR. J. H., Professor in Chemistry, University of Wisconsin, Madison, Wis. 

MATUNAGA, Y., Physicist, Shibaura Engineering Works, Kanasugi, Shiba, Tokyo, Japan. 

MAXFIELD, H. H., General Superintendent, Pennsylvania System, 402 Pennsylvania Building 
Wilmington, Del. 

MEERSCHE, A. J. VANDEN, Electrical Engineer, Instructor, University of Ghent, St. Pieters 
Aalststraat, 22, Ghent, Belgium. 

MEES, DR. C. E. K., Director, Research Laboratory, Eastman Kodak Company, Kodak Park 
Works, Rochester, N. Y. 

MERRICK, HOLLAND M., Consulting Engineer, 2028 Land Title Building, Philadelphia 
mail, 758 High Street, Pottstown, Penna. 

MERRIMAN THADDEUS, Chief Engineer, 346 Broadway, New York, N. Y. 

pet ag Re R. D Consulting Engineer, 80th Street and East End Avenue, New York, N. Y 

3H, Consulting Engineer, 32 Victoria Street, London, S.W., England. 
MERZ, EUGENE, Manufacturer, The Heller & Merz Company, 975 Park Avenue, New York 


Cit 

METZ 2, HERMAN A., Manufacturer and Importer of Chemicals and Dyestuffs, 230 Fifth Avenu 
New York, N .Y. 

eed es MAXWELL W., Electrical Engineer, General Electric Company, Erie Works, Er 


y ‘'W.., Electrical Engineer, Irwin, Penna. 
MILLER, (DR. DAYTON C., Professor of Physics, Case School of Applied Science, Clevela: 


MILLER. ‘FRED J. ert! Manager, New Hope, Penna. 
MILLER, Th. ~ga W. LASH, Professor of Physical Chemistry, 8 Hawthorne Avenue, Toronto 5 


MITCHELL, “WALTER M., Assistant Sales Manager, Republic Steel Corporation, Massillo: 


MIXER. CHARLES A., Engineer, Rumford Falls Power Company, Rumford, Maine. 

MOAT, "DONALD E., Mechanical Engineer, Leeds & Northrup Company, Cleveland, Ohi 

MOODY, PROF. LEWIS FERRY, Professor of Hydraulic Engineering, 149 Hodge Road, P rince 
ton, 


wees L RY H., Electrical Engineer, Massachusetts Institute of Technology, Cambridge, 


MOORE” “DAVID P., Optical and Acoustical Engineer and Patent Attorney, 320 East 42n 
Street, New York City, N. Y. 

MOORE, W. E., President, W. E. Moore & Company, Foot of 32nd Street and Putney Way) 
P. 9. Box’ 1125, Pittsburgh, Penna. 

MORAN, DANIEL E., Civil Engineer, 342 Madison Avenue, New York, N. Y. 

MORRISSEY, PROF. "JOHN P., Professor of Chemistry, 6 miles at Livernois Avenue, Detr 


MORSE. PRANK L. President, Morse Chain Company, Ithaca, N. Y. 
MOYER, J. AMBRO 


Mass. 
MULLER, E. A., Vice-President and Secretary, The King Machine Tool Company, Winton Place, 


Cincinnati, Ohio. 
MULLER, RALPH H., Chemical Engineer, Department of Chemistry, Washington Square C: 
lege, a York University, Washington Square, East, New York City, N. Y. 
URRAY, W M. S., Consulting Engineer, 369 Lexington Avenue, New York Cc ity, N. Y. 
NAKAMOURA, H., Radio Engineer, Research Laboratory, The Tokyo Electric Company, Lt 
ki, Kanagawa- Ken, Japan 
NAUDAIN: “WILLI S A., Electrical Engineer, P. O. Box 846, Wilmington, Del. 
NEBLETTE, CARROLL BERNARD, 73 Seneca Parkway, Rochester, N. Y. 
—— ORaiceee os » Consulting Mechanical and Electrical Engineer, 1409 Manhattan Bu 
icago 
HERCUT, — S., Secretary, Western Society of Engineers, 705 Michigan Avenue 


NEWBOLD: Cr RMENT BUCKLEY, Jr., Student, Princeton University, Princeton, N. J. 

NIGHTINGALE, DONALD ARCHER, Chemist, Robinson & Bradley, 7 Kings Bench Walk 
Temple, London, E. C. 4, England. 

NORDHAUS, CHARLES H., Radio Experimenter, 4908 Carmen Avenue, Chicago, Ill. 

NORMAN, BRADFORD, Farmer, Newport, R. I. 

NORMAN, REGINALD, Farmer, Newport, R. I. 

NORTHRUP, row E. F., Research weet, Princeton, N. J. 

NUTTING, P.G , Director of Research, U. S. Geological Survey, Washington, D. C. 


SE, Director, Massachusetts Board of Education, State House, Boston, 
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OBERLE, DR. ALFRED, Research Chemist, Investment Building, Washington, D. C. 
OBERLY, ALBERT A., Civil Engineer, Scottdal ie, Penna. 
OBTTING, O. W. A., <a Engineer, Globe- Union Manufacturing Company, 14 Keefe 
Avenue, Milwaukee, 
RROK, GEORGE A. Consulting Engineer, 21 East 40th Street, New York, N. 
ORTENBLAD, RODO OLPHO, Chief Engineer, Pirelli S/‘A—Companhia Nacional ‘s ‘Conductores, 
Biortrnoe. Avenida Rio Branco, 109-20 Andar, Rio de Janeiro, Brazil. 
OSBORNE, I. — mae Westinghouse Electric & Manufacturing Company, 150 Broad- 
ew ork, N 
OTIS, SPENCER. oR Railway 1) ay Building, Chicago, Ill. 
PARISH, LE GRAND, President, Mountain View, N oJ 
PARSONS, LOUIS ALEXANDER, Professor of Physics, 394 First Street, Walla Walla, Wash. 
PEARSON, FREDERICK J., Technical Engineer, 1243 Merchandise Mart, Chicago, II. 
PEASE, FRANCIS G., Astronomical Engineer, Mt. Wilson Solar Observatory, Pasadena, Calif. 
aw gt wry Chemist, Pennsylvania Railroad Company, P. O. Box 503, Altoona, Penna. 
© PRANK W Jr., Consulting and Research Electrical Engineer, General Electric Company, 
x tteheld, Mass. 
PERRY, DR. JOHN H., Research Chemical Engineer, E. I. du Pont de Nemours & Company, 
rimental Station, Wilmington, Del. 
OBERT S., President, East Point, Ga. 
. LIAM C., Electrical Engineer, 67 Broad Street, New York City, N. Y. 
PHILIPS, EDWIN S., President, Philbrin Corporation, Kennett Square, Penna. 
PITMAN, JOHN, Retired, 611 Berkeley Avenue, Orange, N. J. 
PLATT, VILAND H., Mechanical Engineer, 1095 Park Avenue, New York City, N. Y. 
POOLE, ARTHUR F., Engineer, c/o Morse Chain Company, Ithaca, N. Y. 
POPE, FREDERICK, Consulting Engineer, 969 5th Avenue, New York, N. Y. 
PO TER, = F., Brackenridge, Penna. 
-» 16 Vick Park B, Rochester, N. Y. 
. C. E., Assistant Vice President, Pressed Steel Car Company, 80 Broad Street, 
bP York, N. Y. 
POTTER, ROWLAND S., es Director and Vice-President, Defender Photo Supply Com- 
pany, Rochester, N. 
POWER, A. D., Physicist, +4 C. A. Radiotron Company, Inc., 415 South 5th Street, Harrison, 


PRaTT, CARL ~ Chemist, Reynolds Experimental Laboratory, Atlas Powder Company, Tama- 


PURCELL, JOHN, Assistant to Vice-President, Atchison, Topeka & Sante Fe Railway Company, 
80 East Jackson Boulevard, Chicago, Il 

QUINN, C. H., Ee Engineer, Room 402, 660 Market Street, San Francisco, Calif. 

RAMSBURG, C Vice-President, The Koppers Company, Pittsburgh, Penna. 

RAMSEY, GEOR’ bs W., Patent Attorney, Woolworth Building, New York, N. Y. 

RANGER, RICHARD H., Radio Engineer, 574 Parker Street, Newark, N. J. 

RAPP, I. M., Physicist, R. D. No. 3, Phoenixville, Penna. 

RAU, PROF. ALBERT G., Professor of Mathematics and Dean, Moravian College, 38 West 
Market Street, Bethlehem, Penna. 

RAYMOND WARD, Mechanical Engineer, 908 Paxinosa Avenue, Easton, Penna. 

REBER, SAMUEL 570 Lexington Avenue, New York, N. Y. 

a —_— L., Chemical Engineer, E. I. du Pont de Nemours & Company, Wilmington, 


REILLY. “PROF. Y -» Professor of Physics, McGill University, Montreal, P. Q., Canada 
REINHARDT, . L., Chief Engineer, Willard Storage Battery Company, 246-286 East 13 ist 
o ne bisreteta Ohio. 
JESSE WILF FORD, Consulting Engineer, 1158 Fifth Avenue, New York City, N. Y. 
REOCH 4 ALEXANDER E., Electrical Engineer, 570 Lexington Avenue, New York, N. Y. 
RHODES, BERNARD, Factory Specialist in Electrical Engineering, Physics, The Gramophone 
Company, Ltd., Hayes, Middlesex, England; for mail, Stud Holme, 34 Trafalgar Street, 
ealey, Batley, Yorkshire, England. 
RICHARDS: DR. CHARLES RUSS, President, Lehigh University, Bethlehem, Penna. 
— DSON, ya ES E., Engineer, The Yale Club, 44th Street and Vanderbilt Avenue, 
me , 
RICHTMYER, g's 3 F. K., Professor of Physics, Cornell University, Ithaca, N. Y. 
RICKETTS, I » Mining Engineer, 325 Pacific Southwest Bank Building, Pasadena, Calif. 
RIDGWAY, ELLIS B Manufacturer, 367 West Main Street, Coatesville, Penna. 
RIDGWAY, ROBERT, Chief Engineer, 250 Hudson Street, New York, N. Y. 
RIDGWAY, W . H., Civil Engineer and Manufacturer, The Craig Ridgway & Son Company, 
Conteeriiie, Penna. 
RITCHIE, KENNETH M., Chemist, Armstrong Cork Company, Research Division, Lancaster, 


Pen 
RITTER, "LOUIS E., Consulting Civil Engineer, 1707 Marquette Building, Chicago, III. 
RITTMAN, (WALTER F., Chemical Engineer, Carnegie Institute of Technology, Pittsburgh, 


ROBERTSON, SYDNEY C., Engineering Draughtsman, Sydney Harbour Bridge, Public Works 
ee Phillip Street, Sydney, N. S. W., Australia. 

ROBINS MUND G., Chemist, 909 Nottingham Road, Wilmington, Del. 
RODMAN GH, Engineer and Manufacturer, Rodman Chemical Company, Verona, Penna. 
ROGERS, i. BRADDO OCK, Trinity College, Hartford, Conn. 
ROL LLER, FRANK W., Electrical and Mechanical Engineer, 233 Broadway, New York, N. Y. 
Hee ROBERT E.. Chemist, P. O. Box 518, Wilmington, Del. 

ROSENBERG, HEYMAN, Designing Mechanical Engineer, 200 Varick Street, New York City, 
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ROSSMAN, DR. JOSEPH, Patent Examiner, Patent Office, Washington, D. C 

manta one 8 OF. JOHN JACOB, Teacher of Physics, 3126 Woodley Road, N.W. 
ington 

RUGG, W. S., The I Iniversity Club, Natalie Street, Pittsburgh, Penna. 

RUSHMORE, DAVID BARKER, Consulting Electrical Engineer, Room 1901, 14 Wall St: 
New York City, N. Y. 

SABINE, DR. PAUL E., Physicist, Riverbank Laboratories, Geneva, III. 

SAGEBEER, RICHARD G., Teaching Fellow, 703 Nottingham Road, Wilmington, De! 

SALMON, F. be Civil and Mechanical Engineer, General Delivery, Richmond, Va. 

SARGENT, C. E., Research Engineer, 173 Seem Street, Emaus, Penna. 

SAUNDERS, LEWIS E., Manager of Research Laboratory, Norton Company; for mail, 
Salisbury Street, Worcester, Mass. 

SAUNDERS, WALTER M., Analytical and Consulting Chemist, 20 Dewey Street, Olney 
Providence - I. 

SAVAGE, HARLOW D., Engineer, 43 Broad Street, New York, N. Y. 


SCHMID, EDWARD ROBERT, Chief Chemist, Chemical and Metallurgical Department, \\ 
inghouse Lam — any, Bloomfield, N. J. 

SCHULTZ, ny AN, Consulting Engineer, Manager, Publicity Department, Ri 
Compa temic § Battery Wharf, Boston, Mass. 

SEEDE, OHN A., Electrical Engineer, No. 1 River Road, Schenectady, N. Y. 

SELGA, Meteoroloxist and Astronomer, Manila Observatory, Mz anila, Mphilippine Islands 

SEVERY, MELVIN » Inventor and Author, 431 South Berendo Street, Los Angeles, Calif 


SEVERY, VICTOR Hi Engineer, 1348 Venice Boulevard, Pico Station, Los Angeles, Calif 
SHACKELFORD, BEN JA MIN E., Physicist, 377 Springdale Avenue, East Orange, N. | 


, DR YTON H., Technical Director, Electrical Testing Laboratories, 80th Str 


and East End Avenue, ‘New York, N. 
SHARP, DR. HARRY M.., Physicist, Normal Colle ge, Natchitoches, La. 


SHATTUCK, A. F., Chief ‘Che mist, Solvay Process Company; for mail, 614 North Cannon Driv: 


Beverly Hills, Calif. 


am, ag A. NORMAN, Associate Professor of Physics, McGill University, Montr 


SHIMER. OR TER W., Chemist and Metallurgist, Easton, Penna. 

SIEGER, ‘GEORGE NATHAN, Executive, c/o P. R. Mallory and Company, Inc., 3029 East W 
ington Street, Indianapolis, Ind 

SILLCOX, LEWIS K., Mechanical and Electrical Engineer, 519 Washington Street, Watert 


| eA 
SKINNER, C. E., Engineer, Research Division, Westinghouse Electric and Manufacturing ( 
pes: East Pittsburgh, Penna. 


SKINNER, H. J., President, Skinner, Sherman & Esselen, Inc., Industrial Chemist, 276 Stuart 


St treet, Boston, Mass. 

SMITH, AUGUSTUS, Civil Engineer, Roselle, * 

SMITH, A. KELVIN, Engineer, 3077 eabineaen Road, Staten Heights, Cleveland, Ohi 

SMITH, A. T., 12 We st 56th Street, New York City, 

SMITH, DEL A., General Manager of Street Railway, Department of Street Railways, St. J 
and Shoem: aker Streets, Detroit, Mich. 

SMITH, ELMER A., Consulting Electrical Engineer, 735 Ninth Street, Secaucus, N 

SMITH, FRANK Ww, Vice-President and General Manager, The United & Electric ight P 

Company, 130 "East 15th Street, New York City, N. 

SMITH, GEORGE W., Jr., Technical Assistant to Vice- -President and General Manager, W\ 

Motor Cc — any, C leveland, Ohio. 


SMITH, PROF. H. S. S., Professor of Civil Engineering, 205 Wallace Street, Stroudsburg, Pen 


SMITH, pe WALDO, Consulting Engineer, 346 Broadway, Room 1133, New York City, N. ¥ 

SNOOK, H. CLYDE, Electrical Engineer, Beechwood Apartments, Summit, N. J. 

SNYDER, C. F., Chemist, Washington Lee Apartments, Cumberland, Md. 

Ss HALL, PROF. J. P. C., Professor of Physics, Columbia University, New York City, N 

SPELLER, FRANK NEWMAN, Director Department of Metallurgy and Research, Nat 
Tube C ompany, Pittsburgh, Penna. 

SPENCER, H. B., President, 2012 Massachusetts Avenue, N.W., Washington, D. C 

SPENCER, THOMAS, Engineer, 3523 Balsam Avenue, Indianapolis, Ind. 

SPERR » Jr., Chief Chemist, 1628 Koppers Buik jing, Pittsburgh, Penna. 

SPICER, it Ae ; Metallurgic: al Engineer, The Architects Building, 247 Park Avenue, New \ 


SPITZ. SAMUEL, Inventor, 730 Sun Finance Building, Los Angeles, Calif. 


SPITZGLASS, J. M., Mechanical Engineer, Republic Flow Meters Company, 2240 Divers 


Parkway, Chic: ago, Ill. 

SPORN, PHILIP, Electric al Engineer, American Gas & Electric Company, 30 Church Str 
New York C ity, 

SPRONG, S. D., Electrical E ae 25 Church Street, Room 309, New York City, N. Y. 


STANFORD, CAPTAIN , Civil Engineer (C.E.C.), Metropolitan Club, Washington, D. ( 


STANWICK, CHARLES A, Db aed 33 Beech Street, East gg N. J. 
STEUBER, HENRY ef he mist, 115 Beverly Road, Montclair, N. J. 


STEVENSON, ALE . RUSSELL, Jr., Electrical Engineer, General Electric Company, 1 Rit 


Road, Schenect: ady, 
STILLWELL, L. B., C sane Engineer, 11 West 42nd oe New York City, N. Y. 
ST. JOHN, ANCEL, 505 Fifth Avenue, New York City, N. 


STONE, BENEDICT, E lectrical Engineer, The New York Edison Company, 130 East 15th Str 


New York City, N. Y. 
STONE, CHARLES W.. Electrical Engineer, General Electric Company, Schenectady, N. Y 
STONE, JOHN STONE, Consulting Electrical Engineer, 3942 Alameda Street, San Diego, C 
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STRONG, WILLIAM WALKER, Consulting Physicist, 500 South York Road, Mechanicsburg, 
Cumberland County, Penna. 

STUTZ, E., Representative for Foreign Patents, 1705 Hope Street, South Pasadena, Calif. 

SULZNER, C. F., Retired, 236 Southwest 2nd Street, Miami, Fla. 

SUMMERS CLIFFORD OHN, Armature Winder, Nicollet, Minn. 

SUYDAM, PROF. V. A., Professor of Physics and Head of Physics Department, Beloit College; 
for mail, 1224 Porter Avenue, Beloit, Wis 

TABER, GEORGE H., Vice-President, Gulf Refining Company, P. O. Box 1214, Pittsburgh, 


Pen 
TAIT, EDWARD H., Superintendent, 429 Main Street, Pen Argyl, Penna. 
TAIT, F. M., Callahan Bank Building, Dayton, Ohio. 
TANBERG, ‘DR. ARTHUR P., Chemist, E. I. du Pont de Nemours & Company, Henry Clay, 


Del 
TATNALL, DR. ROBERT R., Research Engineer, J. E. Rhoads & Sons, Wilmington, Del. 
TAYLOR, HARDEN FRANKLIN, Vice-President for Scientific Research, Atlantic Coast Fisheries 
Compan 111 John Street, New York City, N. Y. 
ata fy: UND CHARD, Consulting Metallurgist, Berlin Karlsherst, K. Wilhelm Strasse 
Germany. 
THOMAS, PROF. CARL C., Professor of Mechanical Engineering, 165 Puente Drive, Pasadena, 


alif. 
THOMAS, LEON E.., President, Reading Iron Company, Reading, Penna. 
THOMPSON, HUGH L., Consulting Engineer, Waterbury, Conn. 
THOMPSON, RUSSELL GRIFFITH, Electrical and Mechanical Engineer, Electromatic Type- 
writer, Inc., 45 Crouch Street, Rochester, N. Y. 
THOMSON, FRANCIS DuPONT, Engineer, 241 East Main Street, Elkton, Md. 
THUROW, WM. H., Electrical Engineer, Falkenhain-Finkenkrug, Augusta-Victoria-Alee 15, 
Berlin, Germany. 
—_— WILLIAM, Chief Chemist, Semet Solvay Engineering Corporation, 40 Rector Street, 
New York City, is ¥. 
TIEMANN, HUGH P., Metallurgical Engineer, Carnegie Steel Company, Pittsburgh, Penna. 
TOCH, MAXIMILIAN, "Paint Manuf: acturer, 443 Fourth Avenue, New York City, N. Y. 
Onan PAUL E., Mechanical Engineer, 103 Broad Street, Warrensburg, Mo. 
RCHIO, PHILIP, Chief Electrical Engineer, The New York Edison Company, 124 East 15th 
Street, Fal York City, N. Y. 
TOULMIN Roe Patent fancies 901 Schwind Building, Dayton, Ohio. 
TOWNEND, 1 PRO ROBERT V., Professor of Chemistry, 101 Seeley Avenue, Arlington, N. J. 
assis 1p WILLIA M W., Assistant Secretary, The General Electric Company, Schenectady, 


TREXLER. HARRY C., President, Lehigh Portland Cement Company, Allentown, Penna. 
TROWBRIDGE, AUGUSTUS, Dean, Graduate College, Princeton University, Princeton, N. J. 
TURNER, EBENEZER T., Librarian, 150 Scarborough Street, Hartford, Conn. 


TURNER, PROF. H. M., Teacher, Electrical Engineer, Yale University, New Haven, Conn. 
UEHLING, E. A., Mechanical Engineer, 3212 North Third Street, Milwaukee, Wis. 

UHART, KENNETH, Foster Wheeler Company, 165 Broadway, New York C ity, N. Y. 
Inve oe (Banker), 350 Madison Avenue, New York City, N. Y. 


4 AL , HARRY M., 

VAN DER LINGEN, = HEN, Lecturer, Physical Laboratory, University of Pretoria, Pre- 
toria, Transvas ¢— Africa. 

VAN DEVENTER, C., Consu!tine Engineer, 438 First National Bank Building, Chicago, III. 

VAN DEVENTER, HARRY R., Engineer and Patent Attorney, 3 West 50th Street, New York 


yaa TRUM, Si SAMUEL NEWBOLD, Civil Engineer, Water Department, Wilmington, Del. 

N, HENRY H., Engineer, 285 Beaver Hall Hill, Montreal, Quebec, Canada. 
VAUGHEN’ F. G., Manager, Meter Department, General Electric Company, Schenectady, N. Y 
VEEDER, CURTIS H., Manufacturer, 1 Elizabeth Street, Hartford, Conn. 

VOGDES, FRANCIS B., Research Worker, 92 Wayne Avenue, White Plains, N. Y. 
VOGT, CLARENCE C., "Re search Chemist, Armstrong Cork Company, Research Division, Lan- 
caster, Penna. 
ELAND, FRED K.., Research Engineer, 90 West Street, New York City, N. Y. 
ADDELL, $3 A.L., C onsulting Engineer, 150 Broadway, New York City, N. Y. 
ADLEIGH, F.R., Consulting Fuels Engineer, The Wadleigh Bureau, Incorporz ated, 205 Southern 
Building, Washington, a Sen 
WADSWORTH, F. L. O., Consulting and Advisory Engineer, P. O. Box 268, East Liberty Sta- 
tion, Pittsburgh, Pe nna. 
WAGNER, COLONEL FRED. H., Chief Engineer, The Bartlett Hayward Company; for mail, 
Tuscany Apartments, 39th Street and Stoney Run Lane, Baltimore, Md. 
WAGNER, HERBERT A., President, Consolidated Gas, Electric, Light & Power Company, 
Lexington and Liberty Streets, Baltimore, Md. 
a + + en H., Manufacturer of Machinery, John Waldron Company, New Bruns- 


N. J. 
WALLACE, AMES P., President, Wallace Silk Company; for mail, 306 Mercer Street, Phillips- 


WALLER. rN Joy E., Electrical Engineer, 110 White Plains Road, Bronxville, N. Y. 

WALLERSTEIN, LEO, Che mist, 171 Madison Avenue, New York City, N. Y. 

WEEKS, EDWIN R., Consulting Engineer, 505 New Nelson Building, Kansas C ity, Mo. 

WEIDLEIN, DR. EDWARD RAY, Chemical Engineer, Director of Mellon Institute of Industrial 
Research, Pittsburgh, Penna. 

WEISS, JOHN ‘MORRIS, 50 East 41st Street, New York City, N. Y. 

WEL s, igh ee Edison Electric Illuminating a. 360 Pearl Street, Brook- 
yn, i 
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Microscopic Organisms Aid in the Natural Purification of 
Streams—( United States Public Health Service). Where reedbirds 
and ducks are found in abundance in their natural feeding grounds, 
or where buzzards are seen circling low, it is known that they are 
attracted by the presence of food. In somewhat similar fashion 
certain microscopic animals are attracted by the presence of organic 
matter found in sewage, which serves as their food. Where these 
organisms are found, it is known that the water is polluted, for 
they will disappear, like buzzards, when their food supply is ex- 
hausted. These minute organisms, which together with certain 
other microscopic forms of life, both animal and plant, are collec- 
tively called plankton, and they play a very important role in the 
process of natural purification of streams, the minute animals feed- 
ing upon the polluting organic wastes, and the microscopic plants 
giving off oxygen. 

The much-discussed Illinois River, heavily polluted by the sew- 
age and stockyard waste from Chicago, was used by the Public 
Health Service for a study of the effect of these microscopic organ- 
isms on nature’s methods of purification of streams and a report 
(Public Health Bulletin No. 198) dealing with this particular study 
has recently been published. 

Approximately 1,000 weekly samples, collected at every season, 
and including all sections of the river (which is nearly 300 miles 
long), were analyzed and studied. Particular information was 
sought relative to the abundance of such organisms as thrive in 
sewage-polluted water, and their gradual replacement downstream 
by organisms known to require water of a better grade. The 
gradual purification of the stream was thus expressed in terms of 
the prevalent kinds of microscopic organisms, both plants and ani- 
mals, and collectively known as Plankton. The relative abundance 
of microscopic green plants was a matter of interest, inasmuch as 
these plants help to purify the water by the oxygen they give off, 
similar to the action of the common “ fish moss ”’ in goldfish bowls. 

Very briefly summarized, the results of this study indicate the 
following changes as the water progresses: 

1. The swift upper portion of the river, heavily polluted but 
thoroughly mixed, is well seeded at the start with microscopic 
organisms from the tributary Des Plaines River and from Lake 


Michigan. 
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2. Gradually decreasing velocity distributes the suspended mat 
ter over a very large total area of bottom downstream, facilitating 
biological action. 


3. The grayish water becomes clear, and loses its odor of sewage 


70 or 80 miles downstream from the Chicago Drainage Canal outlet 
4. Correlated changes in the plankton content are: (a) De 


crease of pollutional organisms formerly predominant, ()) increase 


of organisms of the cleaner-water kinds, these becoming predomi- 
nant, and maintaining this status thereafter, and (c) increase in 
relative abundance of microscopic green plants. 

5. In all sections of the river, and at all seasons, the micro- 
scopic green plants were decidedly more abundant, volume for 
volume, than were the microscopic animals. 

6. Malodorous bottom sediments from the polluted upper I!li- 
nois contained very large numbers of “ sludge worms,”’ and no 
gill-bearing insect larvae, whereas sediments from the lower por- 
tions of this stream were free of odor, contained very few worms, 
and showed a variety of gill-breathing insect larvae. 

A suitable background for the above study is furnished by eleven 
abstracts of similar studies made on other streams and on the 
Illinois River by various investigators. The large amount of data 
relative to the Illinois River is summarized in 54 tables and 18 
graphs. There are also a number of photographs showing field 
conditions, and some photomicrographs of the more important 
plankton organisms. R. 
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AWARDS BY THE INSTITUTE 


The following awards are made by The Franklin Institute: 


The Franklin Medal (Gold Medal).—This medal is awarded annually 
from the Franklin Medal Fund, founded January 1, 1914, by Samuel Insull, 
Esq., to those workers in physical science or technology, without regard to 
country, whose efforts, in the opinion of the Institute, acting through its Com- 
mittee on Science and the Arts, have done most to advance a knowledge of 
physical science or its applications. 

The Elliott Cresson Medal (Gold Medal).—This medal is awarded 
for discovery or original research, adding to the sum of human knowledge, 
irrespective of commercial value; leading and practical utilizations of dis- 
covery; and invention, methods or products embodying substantial elements of 
leadership in their respective classes, or unusual skill or perfection in work- 
manship. 

The Howard N. Potts Medal (Gold Medal).—This medal is awarded 
for distinguished work in science or the arts; important development of pre- 
vious basic discoveries ; inventions or products of superior excellence or utilizing 
important principles. 

The George R. Henderson Medal (Gold Medal).—This medal is to 
be awarded for meritorious inventions or discoveries in the field of railway 
engineering. 

The John Price Wetherill Medal (Silver Medal)—This medal is 
awarded for discovery or invention in the physical sciences or for new and 
important combinations of principles or methods already known. 


The Edward Longstreth Medal (Silver Medal).—This medal is 
awarded for inventions of high order and for particularly meritorious improve- 
ments and developments in machines and mechanical processes. In the event 
of an accumulation of the fund for medals beyond the sum of one hundred 
dollars, it is competent for the Committee on Science and the Arts to offer 
from such surplus a money premium for some special work on any mechanical 
or scientific subject that is considered of sufficient importance. 

The Louis E. Levy Medal (Gold Medal).—This medal is awarded 
to the author of a paper of especial merit, published in the JourNAL or THE 
FRANKLIN INstiTUTE, preference being given to one describing the author’s 
experimental and theoretical researches in a subject of fundamental importance. 


The Walton Clark Medal (Gold Medal).—This medal is awarded to the 
“author of the most notable advance in knowledge or improvement in apparatus, 
or in method concerning the science or the art of gas manufacture or distri- 
bution or utilization in the production of illumination, or of heat, or of 
power.” 

_The Certificate of Merit —A Certificate of Merit is awarded to persons 
adjudged worthy thereof for meritorious inventions, discoveries or improve- 
ments in physical processes or devices. 

The Boyden Premium.—Uriah A. Boyden, Esq., of Boston, Mass., has 
deposited with The Franklin Institute the sum of one thousand dollars, to be 
awarded as premium to “any resident of North America who shall determine 
by experiment whether all rays of light and other physical rays are or are not 
transmitted with the same velocity.” . 

For further information relating to these awards apply to the Secretary of the Institute. 
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